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ON THE EFFECTS OF PROLONGED EXPOSURE TO SULPHUR 
DIOXIDE* 


Ropert A. Kenor, M.D., Wrtuarp F. Macuie, M.D., KAru KITZMILuErR, 
M.D., anv T. J. LEBLANC, Sc.D. 


PURPOSES OF STUDY 


T is highly desirable to have 
definite information as to whether 
or not any residual or permanent 

damage to health is sustained by per- 
sons who are employed in trades in 
which there is continual or frequent 
exposure to sulphur dioxide. Much of 
the hearsay information in these trades 
is to the effect that no injury results 
from ordinary exposure, and that a 
marked tolerance is quickly developed. 
Indeed, it is not uncommon to find 
workmen who believe their occupa- 
tional exposure to be beneficial to 
their health. A body of opinion 


arising in this way often has some 
foundation in fact but requires critical 
investigation before it is accepted. 
Furthermore, the common use of 
sulphur dioxide as a refrigerant, with 


"From the Kettering Laboratory of 
Applied Physiology in the University of 
Cincinnati, Cincinnati, Ohio. 

tecelved for publication Jan. 30, 1932. 


its consequent introduction into the 
household, brings about a more than 
ordinary interest in the effects which 
may result from its inhalation and 
absorption. Although it is generally 
regarded as an irrespirable gas, its 
presence in the air makes itself known 
in low concentration and provides a 
warning which is not likely to be 
disregarded by an unobserving or 
even a sleeping person. No accurate 
information is available, however, as 
to the limits of concentration borne 
without immediate or delayed injury, 
and as to the effects, if any, of pro- 
longed exposure upon life, health, and 
the incidence of acute or chronic 
diseased states. It has seemed of 
some importance, therefore, to make 
careful studies both under laboratory 
conditions and under practical condi- 
tions of human exposure. The follow- 
ing paragraphs relate to observations 
of the latter type. 

Since the study of sulphur dioxide 
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was supported by one of the large 
manufacturers of electric refrigera- 
tors,! the fullest co-operation in ob- 
taining suitable subjects for observa- 
tion was assured. <A brief survey of 
the occupations in which exposure to 
sulphur dioxide is incurred demon- 
strated that the workrooms of the 
company’s plants presented as nearly 
ideal conditions for observation as could 
be found, in that a large number of 
subjects were available who had had 
long exposure to a known basic con- 
centration, as well as exposures to high 
concentrations, which were brief but 
in many eases frequent. There were 
also a large number of men of the same 
type in completely separated depart- 
ments of the plant, whose ages and 
general conditions of work and life 
were similar to those of the subjects 
under study in every respect save that 
of sulphur dioxide exposure. 


SELECTION OF SUBJECTS 


From the workmen who were en- 
gaged in handling sulphur dioxide, 
100 subjects were selected on the 
basis of severity and duration of 
exposure. Among these were forty- 
seven employees who had had from 
four to twelve years of exposure. ‘The 
sulphur dioxide storage and distribut- 
ing department, the refrigerating unit 
charging department, and the repair 
department furnished most of the 
subjects. 

One hundred control subjects were 
chosen from the assembling depart- 
ments, tool room, punch press room, 
carpentry shop, and shipping depart- 
ment, in which there occurred no 
exposure to sulphur dioxide or to 


!'The Frigidaire Corporation of Dayton, 
Ohio. 


other noxious materials such as paint 
lacquers, and metallic dusts. Sele. 
tion was made on the basis of age 
groups comparable to those of the 
exposed subjects. 


S 
) 


SEVERITY OF Exposurr 


The charging department of the 
plant provided a large proportion of 
the exposed subjects. Here, the units 
of refrigerating apparatus receive their 
charge of sulphur dioxide. The liquid 
sulphur dioxide is delivered to a large 
number of operating panels through a 
series of pipes leading from the dis- 
tributing and storage center. These 
panels are close together and a large 
number of operators work in the same 
room. Thus careless or unskilled 
breaking of a connection or an acci- 
dental leak in a line affects many work- 
men. In 1927 an effective ventilating 
system was established in this depart- 
ment, and a system of air analysis was 
instituted which gave full information 
as to the concentration of sulphur 
dioxide present under operating condi- 
tions. Figure 1 shows the results of 
such analyses during the months of 
August, 1929 and February, 1950. 
Prior to 1927 the concentration was 
higher and subject to greater fluctua- 
tions, analyses at irregular intervals 
showing average concentrations of 
from 80 to 100 parts per million. Un- 
der present conditions the concentra- 
tions as shown in Figure 1 run 
somewhat higher during winter months 
when the windows are closed. During 
periods of rush production, and when 
inexperienced operators are being 
trained, the average concentration 1s 
also higher. 

The storage and distributing depart- 
ment shows a generally higher concen- 
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HISTORY SHEET 


Number Examiner’s Initials Date 

Name Age Race Color Birthplace 
Marital Ages Children Misearriages Date Stage 
Residence 

Other Places Lived in, with Dates 

Place of Employment Type of Work (exact description 


of nature and conditions) 
Length of Present Employment and 
Previous Employment at Same Work 


Previous Occupations Exact Description of Work Done Dates 
Gasoline Refining 
Lead 
Benzene 


Lacquer Paints 

Paper Manufacturing 

Acids 

Garage Work 

Other Refrigerating Equipment 
Previous I]Inesses, with Dates: 
The. Malaria Rheumatism Lues Ge. Scarlet Diph. 
Typhoid Convulsions Heart Disease 
Significant Family History: 
SO, History with Reference to Duration of Exposure, Acclimatization, Injury, 
Residual Effects, and Recovery: 








Sleep Hours in Bed Dreams Restful Disturbed 
{Milk (Tea 
Consumption {Cream Coffee 
per Day | Water | Alcohol 
Bowel Movements Frequency Hour 
Tendency to Constipation Cathartics 
Tendency to Frequent Stools 
Teeth Brushing When Last Trip to Dentist 
Usual Weight Best Weight Change of Weight {Seasonal 
| Occupational 

General Health 
Rate of Tiring Recent Change 
Headaches Time 
Eye Trouble 
Taste in Mouth Character Time 
Pains in Joints Swelling of Joints 
Muscular Strength Cramps in Muscles 
Pains in Belly Character Frequency 
Appetite Different Meals 
Digestive Disturbances Nausea or Vomiting 
Skin Infection or Eruption General Hands 
Polyuria Nocturia Frequency Pain or Burning on Voiding 
Nervousness General Weakness Numbness 
Other Complaints 
Respiratory History: 

Nasal Irritation Hemoptysis 

Frequent Colds Bronchitis 

Cough Asthma 

Sore Throat Shortness of Breath 

Laryngitis 

FIGURE 3 
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PHYSICAL EXAMINATION SHEET 








Number Examiner’s Initials Date Height Weight 
(ieneral Appearance Posture 
Nutrition Musculature 
Pulse Blood Pressure (seated) 
Color of Skin (exact) Sclera 
Condition of Skin Glands 
Condition of Skin of Hands Tremors 
2omberg 
Glasses Vision R.15/ L.15/ Near-Sighted 
. Far-Sighted 
Eyes: Muscles Pupils Size Regularity 


Cornea and Sclera Conjunctiva 


Nose Ears: Audition 
Abnormalities 
Tongue Throat Tonsils 
Teeth (exact condition) 
(iums (cleanliness) Pyorrhea 
Lead Line (exact appearance—location) 
Heart: Apex Rate R.C.D. x 
After 25 Hops R.S.D. 
Two Minutes after 
Lungs: K. I.—R. D.E.—R. L.L.B.—R. 
L. L. L. 
Chest Diagnosis 
Abdomen 
Liver Spleen kidneys 
Rectum Genitalia 
Painful 
a { Biceps Abdominal ee en Tactile 
.Triceps Tendon Jerks Thermal 
Kinesthetic 


Upper Extremities Lower Extremities 
Special Remarks and General Diagnosis: 































FIGURE 4 








LABORATORY SHEET 


Number Examiner’s Initials Date 
Urinalysis: Quantity 
Sp. G. 
Reaction (Methyl Red) 
Albumin (Heller’s) 
Sugar (Fehling’s) 
Acevone (Nitroprusside) 
Microscopie 
Blood: White Count 
Red Count 
Differential (100 cells): Poly. Neutrophils 


Poly. Eosinophils 


Heat and Acetic 


Hemoglobin (Dare) 


Poly. Basophils 
Lymphocytes 


/ 


} Endothelial 


Large Mononuclear 4,,, ay 
ransitional 


Abnormal 
Polychromasia 
X-Ray Chest Report 


Special Examinations: 
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tration, averaging approximately 30 
parts per million, as shown in Figure 2. 

In both the charging and the dis- 
charging departments, and especially 
in the repair department, occasional 
or frequent escape of sulphur dioxide 
causes a brief but temporarily unen- 
durable which the 
operator finds it necessary to escape. 


exposure from 


MertTHODS OF STUDY 


ach subject in the two groups was 
questioned in detail as to the length 
and nature of his exposure to sulphur 
dioxide, as well as to other ocecupa- 
tional hazards. Care was taken to 
elicit information as to past and pres- 


The 


record blanks used as an outline for 


ent symptoms and _ illnesses. 
obtaining information are shown in 
Figures 3, 4, and 5. No attempt was 
limit the the 
subject matter or the details of the 
blank form, but in each ease the find- 
ings relating to each item were re- 


made to examiner to 


corded in a uniform manner. 
Under sulphur dioxide history, the 


examiner reeorded all information 
which could be obtained by inquiring 


into the following matters: 


1. Duration of Exposure 
2. Acclimatization 
a. Symptoms of initial period of 
exposure 
b. Date 
served 


Arising 


acclimatization was ob- 


oOo. S¥mptoms from Basie Ex- 


posure since Aeclimatization 
Symptoms from usual minimum 


amounts 
hb. Influence of exposure on common 
colds (frequency, susceptibil- 
itv, or prolongation) 
4. lleavy (Intolerable) Periodic exposure 


cl. Frequency 
Ly, Symptoms 


: ve, nose, throat 
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2. Chest pain and its duration 
3. Aggravation of usual symp- 


toms 
4. Hemoptysis or epistaxis 
5. Hacking cough—night oy; 
morning 
6. Polydipsia 
7. Polyuria 
8. Weakness 
9. Appetite and digestion 
10. Headaches and nervous sy 
tem symptoms 
11. Constipation or diarrhea 


5. Residual Symptoms 
a. Altered susceptibility to other 
chemical or physical irritants 
bh. Alteration in sense of taste or 
smell 
ec. Permanent injury of any type 
The physical examinations were 
carefully carried out in a uniform 


manner, and the laboratory tests of 
the blood and urine were all made by 
the same technician. X-ray examina- 
tions of the chest of each exposed and 
each control subject were made by an 
experienced roentgenologist who also 
classified the the 
groups. 

A selected group of subjects repre- 
senting the severest and longest ex- 
posures were studied as to their 
alveolar carbon dioxide content and 
their blood plasma carbon dioxide 
combining capacity. Since the latter 
tests yielded no information of value, 
they were not extended to the re- 
mainder of the subjects, and they will 
receive no further mention. 


findings in two 


ANALYSIS OF FINDINGS 


The results of the examinations 
were subjected to a careful individual 
and general study, in an attempt to 
evaluate them properly from a clinical 
point of view; they were then tabu- 
lated and 


subjected to statist ical 


May , ly ba 








analysis by one of the authors (T. J. 
Lel .). The conclusions arrived at 
from the study of individual cases are 
‘neluded in those obtained by the 
application of biometric methods, 
with the exception of the X-ray find- 
‘jos, to which reference will be made 
subsequently. 

The biometric characteristics of the 
exposed and control groups are shown 
in Table 1. Since all the subjects are 
males, the question of sex is eliminated. 
The number in each group is the same, 

100. From the table it is seen 


the variability as indicated by 


EXPOSURE TO SULPHUR 
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tionally well chosen and that it con- 
stitutes an adequate control for the 
purpose of this study. 

In order to test the validity of the 
control group further, certain physical 
findings of a quantitative nature, 
arrived at by the examination of the 
clinicians, were analyzed. ‘The result- 
ing constants are listed in Table 2, 
which in general exhibits the same 
characteristics as Table 1. Standard 
deviations are low and the means are 
stable. Two differences are shown: 
The  polymorphonuclear leukocyte 
count is significantly higher in the con- 


TABLE 1.—SHOWING THE MEAN WITH ITS PROBABLE ERROR AND STANDARD 


DEVIATION FOR CERTAIN VARIABLES 


3 fer rer eee errr rT ree re rey 


| 


ee ee ee 


PUREE TH OG x 5 ovo caveeses cinaeasexcnses 


SOOPER G  oc k ono en eitasansesises4 


deviations is 
relatively low and as a result the 
probable errors of the respective 
means are low, thus showing that the 
mean values are stable and that the 
groups are large enough. The only 
significant difference exhibited by the 
‘able is in the ease of years employed 
n industry, the control group having 
heen employed a significantly longer 
‘ime than the exposed. In fact, the 
| close agreement between the 
‘spective pairs of means in the case of 
ce, height, weight, and number of 
is worked in this plant shows that 
control group excep- 


the respective standard 


has been 


EXPOSED GROUP CONTROL GROUP 


Standard Standard 


Mean Devia- Mean Devia- 
tion tion 
37.0 +0.70 10.40 35.7 +0.55) 8.75 
68.1 +0.21 3.14 | 68.440.13) 1.96 
158.5 +1.87 27.70 153.3 +1.41 21.00 
4.0+0.13 1.98 4.5+0.17 2.51 
8.0 +0.35 5 


5.26 12.38+0.65| 9.65 


trol group; the lymphocyte count, on 
the other hand, is higher in the ex- 
posed group. 
and pulse pressures, erythrocyte and 
leukoeyte counts, and percentage of 


The faet that systolie 


hemoglobin as shown by the Dare 
hemoglobinometer are not significantly 
different for the 
tutes further evidence that the control 
group is well chosen. 

Here it may be noted that in the 
control group there was a subgroup of 
twenty-nine individuals who exhibited 
pallor. The 
ometer reading for this group was 76 
per cent., which was lower than the 


two groups constl- 


average hemoglobin- 
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mean of the total of either exposed or 
control groups. 


Physical Findings 


All the physical findings on the 
ease records were tabulated, but by 
inspection a considerable number of 
them were seen to be of no importance 
—that is, there was an equal or nearly 


equal distribution of the findings 
between the exposed and_ control 
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under each pair of rubrics are mutually 
exclusive and constitute a fourfold 
table. The Chi-square test applied 
to the values in this table showed that 
the differences exhibited were signifi- 
cant. Column 3 lists the values of 
Chi-square and column 4 shows the 
value of P arising from the correspond- 
ing values of Chi-square, 7.e., the 
probability that the differences shown 
arose from the operation of chance. 


TABLE 2.—SHOWING THE MEAN WITH ITS PROBABLE ERROR AND STANDARD 


DEVIATION, FOR CERTAIN PHYSICAL FINDINGS! 


EXPOSED GROUP 





CONTROL GROUP 





| 


apis | 
Standard| 

















PHYSICAL FINDINGS | ‘Standard 
| Mean Devia- | Mean | Devia- 
| tion tion 

Systolic pressure in mm. 

| errr rer rer cee 126.7 +1.30 19.2 124.4 +1.02 15.0 
Pulse pressure............... 48.5 +0.78 11.5 48.5 +0.75 11.1 
Erythrocytes. .... 4,784,000 +29,827)} 440,000 | 4,642,000 +28,517 | 422,800 
Leukocytes....... 8,170 +133 1,970 7,840 +196 2,010 
oe | 80 +0.59 8.5 81 +0.45 6.6 
Polymorphonuclear — leuko- 

| re ee ee 61 +0.56 8.2 65 +0.45 6.7 
Lymphocytes................ | 35 +0.42 7.6 32 +0.48 7.2 


t Only those entries in italies are statistically significant. 


This was true of the follow- 
ing rubrics: 


groups. 


undernutrition, normal 
bradyeardia, tachyeardia, normal 
temperature, elevated or lowered tempera- 
ture, adenopathy, tremor, chest findings, 


Overnutrition, 
pulse, 


eardiace lesions, hypertension and hypoten- 
sion, abdominal and pelvic lesions, sensory 
disturbances, skin lesions, impaired vision, 
lesions of the cornea and sclera, conjuncti- 
vitis, chronic nasal discharge, pyorrhea and 
dental caries. 


The remaining findings were not so 
obvious and were further tabulated. 
The results are shown in Table 3. It 
will be that the 


noted four entries 


In each case this probability is so low 
that the validity of the difference is 
almost certainty and the findings 
have been listed in descending order 
of statistical significance. Wmphasis 
is placed on this point because clinical 
significance may be quite different 
that is, a finding might occur with 
much greater frequency in one group 
and be of no clinical significance. 


Exposure and Acclimatization 


Exposures resolved themselves into 
a fairly normal frequeney which gave 
the following constants: 


May, 1932 




















\fean length of exposure in 


YVORIB. 6 iscvesseecessceses 3.82 +0.12 
Standard deviation.......... 1.81 
\odal group in years....... 2-3 .9 
Below the modal group..... 33% 
At the modal group......... 26% 
Above the modal group..... 41% 


In addition it may be noted that 74 
per cent. of the total exposures fell 
within the limits of 2 to 4.9 years so 
‘hat the majority grouped themselves 


TABLE 3.—SIGNIFICANT 
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+0.15 months with a standard devia- 
tion of 2 months. The standard 
deviation is high, and is almost equal 
to the mean. This shows that the 
variability in time necessary for accli- 
matization is great, as might have been 
expected since acclimatization is a 
personal reaction and as a biologic 
phenomenon is entitled to relatively 
high variability. ‘This variability was 
such that the mode was not defined. 


PHYSICAL FINDINGS! 











| | 
EXPOSED | CONTROL | CHI- 4 





x 66 


No pharyngitis.......... 











sinaiaitin eaeiiniaaiaaiaiinass GROUP GROUP SQUARE ™ 
Pharyngitis, chronic and slight.............. 338 0.000000 
Muakdietoutgie | oe llc | CU Cc 
Xo hanyngitlt enc) a0 |e | 83 | 9.900000 
ei eel and abe] | Lg | 
| | 
Sieh Marsan rere) BL | | 0.000m0 
| | | 
ee | 31 | 15 - 0.007000 
.| 69 | 85 | 














' Arranged in descending order of statistical significance. 
>P = probability that difference arose through operation of chance. 


quite closely about the mean, with 
extremely short and extremely long 
exposures constituting the remaining 
2) per cent. This is also indicated by 
the standard deviation. 

Of this exposed group, 80 per cent. 
became aeclimatized—that is, they 
acquired the ability to withstand the 
customary basie exposure without 
experiencing a notable intensity of the 
‘symptoms later described as_ initial 
symptoms. The mean length of time 
hecessary for acclimatization was 2.84 


i ] 4 


a 


Some of this, of course, was due to 
the fact that acclimatization was not 
amenable to measurement and the 
times recorded were reported by each 
individual, such values necessarily 
involving not only physiologic vari- 
ability but variability in intelligence, 
memory, attention, ete. 


Symptoms 


The symptoms associated with ex- 
posure were tabulated in order to 
determine the frequency of their 
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ame under three 
headings, as follows: (1) initial symp- 
toms, 7.e., developed during the period 
of exposure before acclimatization; (2) 
symptoms arising from the minimum 
or customary exposure with or without 
acclimatization; (3) symptoms  pro- 
duced by heavy exposure. General 
symptoms not necessarily associated 


oecurrence. ‘These 


with exposure, and complaints present 
at the time of examination were tabu- 
lated for comparison of their occur- 
rence in the exposed and control 
groups. 

Initial initial 
symptoms were confined to the respira- 
tory tract. In the descending order 
of frequency of occurrence they 
were: irritation of the upper respira- 
tory tract, coughing, epistaxis, con- 
striction in the chest, and hemoptysis. 
It is of some importance to note that 
this is almost the exact reverse of the 
order in which these symptoms would 
on the basis of their clinical 
significance, as follows: (1) hemopty- 
sis, (2) chest constriction, (3) epistaxis, 
(4) cough, and (5) irritation of the 
tract. When the latter 
order was used and was set against the 
frequency of severe exposure, it was 
found that there was no association 
between the two. A. slight positive 
association is suggested but this is 
contradicted by two islands, one show- 
ing a relatively high frequency and 
severity of initial symptoms with low 
frequency of severe exposure, and the 


Symptoms.—The 


be set 


respiratory 


other showing the converse situation. 
Thus the severity of the initial symp- 
toms is apparently a function of the 
individual variation of the subjects. 

Symptoms Associated with Minimum 
Exposure.—The symptoms associated 
with the usual minimum exposure were 
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in the main a much milder form of {hp 
initialsymptoms. Certain other items 
appear, however, as expressions of 4 
chronic type of low grade irritation. 
In the descending order of their fro. 
quency these were: hacking cough, 
morning cough, nasal irritation and 
discharge, prolongation of common 
colds, and expectoration. Epistaxis. 
constricting pain in the chest, and 
hemoptysis occurred so infrequently 
as to be of questionable statistical 
significance. These were classified jn 
the order of their clinical significance, 
as in the case of initial symptoms, as 
follows: (1) hemoptysis, (2) pain in 
the chest, (8) epistaxis, (4) hacking 
cough, (5) prolongation of colds, (6) 
morning cough, (7) nasal irritation, 
and (8) expectoration. These, set 
against the frequency of severe ex- 
posure, did not give the suggestion of 
an association. ‘Thus with this factor 
discounted, the severity of these 
symptoms is seen also to be related to 
the individual variation of the sub- 
jects. It should be said, however, 
that all the subjects showed some 
symptomatic evidence of irritation 
of the upper respiratory tract. 
Colds.—The results of the tabula- 
tion on colds is summarized as follows: 


Exposed Controls 
Total man weeks of 
eee 462 


Average duration of 
cold in weeks....... 13 5.7 


No. having no colds for 


past year........... 12 19 
No. having colds last- 
ing all winter....... 40 13 


The incidence of colds as measured by 
the number having no colds is no! 
sensibly different in the two groups. 
The real difference is in the duration 


J. 1. H 
May, 19s. 








of the cold, which is extended in 
‘he exposed group to 2.3 times 
‘he average duration in the control 
croup. ‘This fact is also supported by 
‘he total man weeks of colds and the 
number having colds lasting all winter, 
‘he values for the exposed group being 
‘wo to three times those of the control 
croup. 

The application of the Chi-square 
test failed to demonstrate any rela- 
tionship between the prolongation of 
colds and the frequency of severe 
exposure. 

Symptoms Associated with Severe 
Exposure.—The symptoms _ arising 
from the irregular exposure to high 
concentrations were chiefly an intensi- 
fed form of those oceasioned by the 
original minimum exposure. Cough- 
ing and sneezing, conjunctival irrita- 
tion, and soreness of the throat and 
larynx were the most frequent results 
of such exposure, while thirst, weak- 
ness, transitory chest pains, loss of 
appetite for the succeeding meal, 
polyuria, and chest pain of a more or 
less prolonged type were sufficiently 
frequent to be taken into account. 
These faets merely demonstrate the 
incompleteness of the acclimatization. 


General Symptomatology 


A comparison of the general symp- 
tomatology of the two groups showed 
that many of the symptoms had no 
relationship to sulphur dioxide ex- 
posure. That is to say, they occurred 
with approximately equivalent or 
lower frequency in the exposed as 
compared with the unexposed group. 
This situation existed in the case of 
the following: 

Skin eruptions during employment, 
weight gain in employment, weight loss in 
Vol. 14 
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employment, poor general health, bad taste 
in mouth, joint pains, abdominal cramps, 
loss of appetite, dyspepsia or vaguely 
described digestive disturbances, constipa- 
tion, diarrhea, nocturia, burning on urina- 
tion, headache, disturbed sleep, nervous- 
ness, numbness or tingling of extremities, 
general weakness, frequency of colds, sore 
throat or laryngitis, bronchitis, asthmatic 
attacks, andeye troubles. (See Table 4 for 
comparative frequencies of certain items.) 


A significant inerease was found, 
however, in the frequency of occur- 
rence in the exposed subjects. of 
shortness of breath on exertion, in- 
creased fatigability during employ- 
ment, altered sense of taste or smell, 
and increased sensitivity to other 
irritants. ‘Table 5 shows the applica- 
tion of the Chi-square test to these 
items. 

Only two of these complaints 
occurred with sufficient regularity in 
the exposed group to be subjected to 
further analysis, z.e., an increased fatig- 
ability during employment and short- 
ness of breath on exertion. The rela- 
tionship of these to the frequency of 
severe exposure was studied by arrang- 
ing fourfold tables as shown in Table 6. 
‘The average number of severe expos- 
ures per man per annum was 230. 
This was used, therefore, as the divid- 
ing line between high and low fre- 
quencies of severe exposure. The 
Chi-square test under these conditions 
showed that the occurrence of each 
symptom was positively correlated 
with the frequency of severe exposure. 


X-Ray Findings 


Each group of subjects (exposed 
and control) was classified by the 
roentgenologist into four subgroups 
made up according to the results of 
the chest examinations: (1) average 
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TABLE 4.—FREQUENCY OF CERTAIN SYMPTOMS HAVING NO STATISTICAyz, 


SIGNIFICANCE 














CONTROL 








s 
SYMPTOMS sanvovelepsaicenal 
GROUP Group 

po FE ee ee are 17 13 
Ee ee ee ee ee re ee 61 77 
I as Dae es Oy eae oak bea eat sk Oak ae eee Rw 22 10 
is ead cee ed eae eneee a bandh eeesneeaenaes 61 77 
Et 5. oc da oe een ee eens 1h00e04ks HE deRE NOE 5 2 
eT er re ere 95 98 
Pe Ot IN agi 6. b.c 04 cece ne ekuekeus<éarwensenneses 33 42 
PWS SOMO Y GE GORISTIOUION, 655 cc ccs chcscecsedesusecesessen 67 58 
SC AREREING Chr TORO TIO, boa nc icc ccaevensecesanavcewsnseesenans 16 12 
a re rr 84 88 
ERORCIACUS GIG GOMBTIDASIOR 0 ccc cccccccn soeecensiencrieeens 9 9 
FRORGACHO GEG TO COUBTEIASION, 2 occ ccc ccccscenveevedsueneeacan 7 3 
CSOMIETIEIOM BUN TRE AOTE 6 iiss cc ccc cc cce ences esanecesecwcsen 9 i) 
Constipation without headache................cccccccccccscecs 24 33 





TABLE 5.—FREQUENCY OF CERTAIN SYMPTOMS OF 


SIGNIFICANCE! 


re ; a 


SYMPTOMS 








| GROUP | GROUP 
Alteration in sense of smell...................) 14 0 
No alteration in sense of smell.......... ert S6 100 
Increase in sensitivity to other irritants......! 14 0 
No inerease in sensitivity to other irri- | 

SR cane VRE AG EES ben RG Ee SAN ER REESE | 86 100 

| 
Shortness of breath on exertion...............| 42 19 
No shortness of breath on exertion........... | 58 SI 
Increase in fatigability in employment........ | 27 | 9 
No ineresse in fatigability in employment... .| 73 | 91 
Alteration in sense of taste................00. 10 | 0 
No alteration in sense of taste............... 90 100 


t Arranged in descending order of statistical significance. 


| EXPOSED | CONTROL 





CHI- 
SQUARE 


15 


15 


11 


1] 








ai 
nme | | 





STATISTICAL 


P 


0.0001 


0.0001 


0.0005 


0.0009 


0) . 0009 


normal chests; (2) chests in which pecting the existence of pathologic 
there may be slight reasons for sus- development; (3) chests in which the 
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existence of disease, active or healed, is 
suspected; (4) chests in which there is 
definite lung pathology. In accord- 
ance With this classification the two 
croups are compared in Table 7. 
There was nothing peculiar in the 
appearance of the roentgenograms of 
the exposed subjects, and nothing 
from an X-ray point of view to indi- 
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lung tissue indicated the presence of 
either a chronic or a healed disease 
process. Upon checking these findings 
with the histories of previous illness 
and the physical findings, one case 
was seen to be a chronic bronchitis of 
long standing, two were instances of 
chronic nasopharyngitis with a degree 
of involvement of the respiratory 


TABLE 6.—RELATIONSHIP OF CERTAIN SYMPTOMS TO FREQUENCY OF 
SEVERE EXPOSURE 


























EXPOSURES 
SYMPTOMS sieoncsinaatladadaia cms Pp 
alia SQUARE 
Below 230 [Above 230 

Shortness of breath on exertion.............. 24 18 ~ 0.008 
No shortness of breath on exertion.......... 49 9 — 
Increase in fatigability in employment....... 14 | 13 P 0.0047 
No increase in fatigability in employment... 59 | 14 











TABLE 7.—FINDINGS BY X-RAY EXAMINATION OF CHEST 





























NO. OF SUBJECTS 
GROUP CLASSIFICATION | a - 
| Exposed to SO | Not Exposed 
— ef to SQ», 

1 Average normal chests........... 7() | 64 

2 Slightly suspicious chests........ 7 14 | 12 

3 | Suspicious chests..... | 7 | is) 

4 | Definite chest pathology......... | 4 4 
wr - 

lotal no. of persons observed........... 0.000000 95 | 89 








cate the existence of injury to the 
lungs or bronchi as a result of the 
exposure. The four showing 
chest pathology in the exposed group 
consisted of three in which an abnor- 
mal amount of peribronchial infiltra- 
‘(ion with mottled areas in the lung 
tissue suggested the existence of active 
infection, and one in which thickening 
of the pleura and calcified areas in the 


Cases 


vol. 14 


. oJ 


passages characteristic of this condi- 
tion, while the last-mentioned was a 
case of healed pleuritis, the acute ill- 
ness having occurred over a period of 
four months in 1901. 

The four cases in the control group 
were made up of three cases of peri- 
bronchial infiltration, with areas of 
‘alcification in the lung tissue, the 
former finding being associated with 
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chronic rhinitis, and one case of 
healed, infected gunshot wounds of 
the chest. 


DISCUSSION 


The interpretation of the main 
results of the foregoing analysis is 
essentially self-evident. Exposure to 
sulphur dioxide under the conditions 
observed produces two distinct sets of 
effects: (1) irritation of the upper 
respiratory tract, which is at first 
acute in character, and subsequently 
subacute or chronic; and (2) systemic 
symptoms of a mild type such as are 
associated with any type of increased 
acid absorption or production in the 
tissues. The high degree of correla- 
tion shown between the systemic 
symptoms and the frequency of severe 
exposures indicates that the human 
organism has a high degree of adapt- 
ability to a regular moderate exposure, 
and that it suffers no apparent injury 
from such an exposure. In the ease 
of intense exposures, even though they 
oecur frequently, there is no evidence 
of damage of a serious or a permanent 
type. 

It might be expected that the effects 
of a persistent chronic rhinitis and 
pharyngitis would be more noticeable 
in the production of systemic symp- 
toms and in the development of 
chronic disease of the lungs and bron- 
chi. ‘The such 
leads one to suspect that the irritation 
of the upper respiratory tract is not 
infectious 


absence of results 


regularly associated with 
processes. If this should be found 
true it would follow that the 
persistent ‘‘eolds’ deseribed by many 


to be 


of the subjects are not colds in the 
ordinary sense, but rather a chronic 
ecoryza due to chemical irritation. 





THE JOURNAL OF INDUSTRIAL HYGIENE 


The variation in the relative num. 
bers of the types of leukocytes in the 
two groups is not so readily inter- 
preted. Lymphocytes occur with 
higher than normal frequency in both 
groups. This not uncommon finding 
is probably associated with the high 
incidence of low grade chronic infec- 
tion of the nose, mouth, and throat in 
both groups. The difference in the 
two groups, while of statistical sig- 
nificance, is of doubtful clinical im- 
portance. A much greater difference 
would be required to establish any 
certainty in this regard. 

The matter of abnormal reflexes 
requires some further consideration. 
Under this heading were listed sluggish 
and hyperactive reactions. In no 
‘ase were the abnormalities of the type 
associated with localized lesions of the 
central nervous system. They signify, 
therefore, a degree of variation in 
general irritability. It would be pre- 
sumptuous to ascribe any important 
clinical significanee to such variation. 

The roentgenograms show that no 
appreciable residual injury to the lungs 
and bronchi has been produced by the 
exposure to sulphur dioxide, either of 
a prolonged or of a severe type. It 
cannot be doubted that injury to the 
pulmonary epithelium occurs when 
high concentrations are inhaled. Nor 
can one doubt the significance of hem- 
optysis, constricting pain in the chest, 
and a deep productive cough after a 
period of intense exposure. It is clear, 
however, that under the conditions 
of exposure here considered, no perma- 
nent damage is done to the lungs. 

Considering the number of subjects 
studied, the variety of their exposure, 
andthe number who did not become ac- 
climatized to exposure but who never- 
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cheless continued to be exposed, it 
would seem reasonably certain that 
the foregoing observations represent 
an adequate cross-sectional picture of 
‘he results of exposure to sulphur 
dioxide. On this basis it may be 
coneluded that there is no appreciable 
danger to health in a frequent or more 
or less continuous exposure to endur- 
able concentrations, and that the 
effects of exposure to unendurable 
concentrations are negligible under con- 
ditions which allow of quick escape. 


SUMMARY 


1. A significantly higher incidence 
of nasopharyngitis, both chronie and 
slight, of alteration in sense of smell 
and sense of taste, and of increased 
sensitivity to other irritants was found 
in a group of workers exposed to 
sulphur dioxide. These may be 
thought of as conditions arising from 
local irritation. 

2. A significantly higher incidence 
of abnormal urinary acidity, of tend- 
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ency to increased fatigue, of shortness 
of breath on exertion, and of abnormal 
reflexes was found in the exposed 
group. These are in the nature of 
systemic symptoms. 

3. There was no demonstrable asso- 
ciation between frequency or severity 
of initial symptoms and frequency of 
heavy exposure, nor was there any 
relation between exposure and _ the 
frequency and severity of symptoms 
arising from the customary exposure. 

4. A positive relation exists between 
frequency of heavy exposure and 
presence of certain symptoms indica- 
tive of acid accumulation, namely, in- 
creased fatigability during the period 
of employment, and _ shortness of 
breath on exertion. 

5. The incidence of colds is not 
significantly different in the two 
groups. The duration, however, is 
extended in the exposed group. 

6. In all other respects as indicated 
in the text, there was no significant 
difference between the two groups. 








CADMIUM POISONING: II. EXPERIMENTAL CADMIUM 
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GENERAL CONSIDERATIONS 


OISONOUS substances may en- 
ter the body through the respi- 
ratory system, the gastro-intes- 

tinal tract, the mucous. surfaces 
(conjunctivae, nasal mucosa, and buc- 
“al mucosa), and the skin (broken 
or unbroken). The reactions and 
changes produced are dependent on 
many factors, the most important of 
which are the manner of entrance into 
and exeretion from the organism, and 
the concentration, duration (time of 
exposure),and physicochemical proper- 
ties of the The physico- 
chemical properties are especially 
important and sometimes enable us to 
foresee the possible changes which 
may oecur in the organism as a result 
of their action. 


poison. 


Cadmium is classed as a heavy metal 
and consequently should have the 
same properties as the heavy metals. 
Briefly, according to Flury and Zang- 
ger (1), the heavy metals have the 
following pharmacologic characteris- 
ties: great atomie weight and conse- 
quently specific gravity or 
density; a tendency when in contact 
with organic material to form complex 


great 


* From a thesis presented to the Harvard 
School of Public Health as partial fulfilment 
of the requirements for the Doctorate in 
Public Health. 
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metal albumin compounds; a genera] 
toxie action which may lead to inflam- 
mation and degeneration of different 
organs, and frequently cause injury 
to the capillaries. The soluble meta] 
albumin compounds are more nox- 
ious because they have a more pro- 
found action, and because they are 
resorbed more rapidly. As a secon- 
dary noxious action we have the 
elaboration of acids at the moment of 
formation of metal albumin 
pounds. 

In the consideration of cadmium as 
an industrial health hazard, we have to 
deal with a poison which enters the 
body mainly through the respiratory 
system, and secondly through the 
gastro-intestinal tract. Consequently 
observations on poisoning through the 
respiratory system are of greater 
ralue. In studying any kind of poi- 
soning we are interested not only in 
the acute and chronic action of the 
poison, and the sequelae, but also in 
the fate of the poison after its entrance 
into the body—resorption, distribu- 
tion, and elimination. The most com- 
mon kind of cadmium poisoning is the 
acute respiratory form resulting from 
exposure in manufacturing and han- 
dling cadmium compounds. Serious 
acute poisoning through the gastro- 
intestinal tract is improbable for man 


com- 
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CADMIUM 


x to the emetie effeet of cadmium; 
since cadmium is not absorbed 
iwh the unbroken skin, poisoning 
ot oeceur in this manner. 

je observations here reported were 
eon eats poisoned with cadmium 
‘fume, enadmium oxide dust, and 
nium sulphide dust. 


ds were chosen beeause of their 


These com- 


ient use. Cadmium sulphide was 
‘inlly included because it is be- 
doin industries 
In general the experimen- 


animals were killed by bleeding, 


some to be 


nless. 


after specimens were taken for 
roscopie study the organs were 
The method 
analysis deseribed by 


lyzed for cadmium. 
endmium 
rhall and Prodan (2) was employed 
Jl the chemieal work and proved 
formly satisfactory. 


POISONING BY INHALATION 


Cadmium Ovide Fume 


I Concentrations: 


hwo eats (Cats 1 and 2), subjected 


very highly concentrated fume, 
exposed separately for thirty 


nutes ina wooden box of about 150 
vs’ capacity. The fume was gen- 
fed in a pyrex glass tube connected 
he box at one end and to an oxygen 
k at 


‘allie eadmium were placed in a 


the other. Small pieces of 
) blown at the middle of the tube; 

was heated from below by a 
nsen burner and a gentle stream of 
The mol- 
cadmium was then ignited by 


een was blown through. 


ns of a glowing splint and the 


ibustion of the metal proceeded 


nly, with the abundant production 


‘admium oxide fume. Cat 1 was 


ed by bleeding five 


hours after 
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exposure; Cat 2 died about twelve 

hours after exposure. 
Symptoms.—About ten minutes 


after exposure was started the eats 
showed an abundant salivation, rather 
thick in character, and an increased 
respiration (panting). After they 
were taken out of the box the saliva- 
tion continued and they showed great 
difficulty in 
out their forefeet so that the accessory 
respiratory 
action, 


respiration, stretching 


muscles entered — into 


Autopsy.—Vhe lungs showed = con- 
gestion with several emphysematous 
patches at the bases, and were more 
The 
num was edematous, and Cat 1 showed 
a yellowish pleural effusion. 
tion the lungs exuded a pink-colored, 
aerated liquid. 


solid than normally. mediasti- 


(On see- 


The trachea appeared 
normal: a few of the bronchioles were 


filled with froth. The liver in both 


cats had a fatty appearance. The 
rest of the organs were very congested. 
Microscopic Findings. The lungs 


(see Fig. 1) of both eats showed exten- 
sive acute injury, with the following 
outstanding changes: edema, injury to 
the 
manifested by desquamation of 


ducts 
the 
epithelium, polymorphonuclear leuko- 
the 
Acute alveolar 


bronehioles and alveolar 


cyte infiltration in wills, and 
edema of the walls. 
emphysema was present and a small 
amount of fibrin was found in the 
alveolar spaces. 

The liver presented different lesions 
in the Cat | 


slightly swollen cells with prominent 


two ents. showed 


marginal borders, and — uniformly 
vacuolated and granular cytoplasm. 
Cat 2 showed extensive fatty infiltra- 
tion (about half of the total liver cells 


were filled with fat), and = polymor- 
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phonuclear leukoeyvte infiltration in Chemical analysis of the orga; 
SOMO HPCHS, Cat | showed that the cadmium 
The kidneys in Cat Lshowed marked tent was highest in the lunes, ne 
latty degeneration, mostly in the the liver, and third in the= kid 
convoluted tubules, and badly swollen (see Table 1 and Fig. 2). 


<n % 
f f 





big. 1. Lesions occurring in lungs of eats poisoned with high concentrations of 
miting oxide fume. Showing extensive edema and emphysema, and epithelial desqu:at 
fhomoanad fibrin precipitate in-alveolt and bronchioles. x 30), 
eeus, Some fat ine the form of = Low Concentrations: 
medittmesized vacuoles, chiefly in the After it} was observed that | 


convoluted tubules, was found in Cat eoneentrations of cadmium oxide fu 
2. The other organs presented no were fatal, Cats 3, 4, and 5) w 


pathologic changes, exposed in a gas chamber. to 


= * 


Nay 








CADMIUM POISONING 177 





oneentrated cadmium oxide fume for exact concentration of cadmium during 
.yenty-four hours. Samples of the the experiment. A typical concentra- 














TABLE 1.—CADMIUM CONTENT OF TISSUES OF CAT 1, POISONED WITH 
HIGHLY CONCENTRATED CADMIUM OXIDE FUME 











| | PERCENT- 


| TOTAL | CADMIUM | 1E O 
| WEIGHT _CADMIUM | AGE OF 








TISSUE | 4 | CADMIUM IN 100 GM.) TOTAL 
OF TISSUE | | Ang 
| FOUND | OF TISSUE) CADMIUM 
| | FOUND 
qm. | mg. | md. 
oS ee ee Oe: ee uy ee | 127.0 | traces | ..... | ..... 
Oe ee ee a See ee | 69.0 | 2.50 | 3.62 | 46.30 
2 a Ss a eee ee See / 112.0 | 1.90 | 1.70 | 35.20 
‘ | 
ON ee ar a ee ey eae ee ee 54.0 0.60 | 1.11 11.10 
ee er eT ere rs ere eee 1.8 0.25 | 13.90 4.62 
MS toe ek eek k ak ea sk eek ater anehna ya eee 2.5 0.15 | 6.00 2.78 
rn ee Rees: Seen a ~ 100.00 
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Fic, 2.—Distribution and concentrations of cadmium in tissues of Cat 1. 


Solid black columns represent percentages of total cadmium found by analysis in dif- 
rent organs. Cross-hatched columns represent milligrams of cadmium per 100 gm. of fresh 


- le. 


'in the chamber were taken from tion curve (or settling curve) is given 
‘ime to time in order to determine the in Figure 3. The first sample was 
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taken two hours after setting up the 
fume; the initial concentration was 
therefore estimated from this concen- 
tration curve and was found to be 18 
per cubic meter of air. The 
fume was generated in the same man- 
ner as for Cats 1 and 2, by burning 
cadmium in a pyrex glass tube with 
oxygen, 


mg. 


about twelve 
hours of exposure the cats began to 
salivate and showed an increased rate 


Symptoms.— After 
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respiration was difficult and they 
refused to eat. Cat 4 was killed py 
bleeding on the fifth day after exposure. 
and Cat 5 on the ninth day. 
Autopsy.—In Cat 3 the lungs ap- 
peared very congested and of dark 
reddish-brown color, more solid thay 
usual and with emphysematous 
patches. On section a very little 
aerated, reddish-brown liquid escaped 
from them. The trachea was slightly 
reddened. The liver had a fatty 
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lic. 3.—Typical settling curve of cadmium oxide fume. 


of respiration. They refused to eat or 
drink and beeame very depressed. At 
the end of the exposure all three cats 
were salivating and showed difficulty 
in breathing. Cat 8, which had the 
symptoms in most accentuated form, 
killed by bleeding. The blood 
eount before exposure was 7,432,000 
for red cells, and 16,500 for white 
cells; after exposure it was 8,824,000 
for red cells, and 29,600 for white 
cells. 


Was 


Cats 4 and 5 appeared very sick on 


the days following exposure. Their 


appearance. The rest of the organs 
were normal, except for congestion. 
Cat 4 showed changes very similar 
to those observed in Cat 3. The 
lungs in Cat 5 were extremely con- 
gested and of very dark-brown color, 
with emphysematous patches. On 
section, after the blood content had 
been expressed, they did not collapse. 
Findings.—Cat 
showed a moderate thickening of the 
alveolar walls in the lungs as the mos' 


| 


striking change, with interstitial anc 
perivascular edema and early poly- 


Microscopic 
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morphonuclear leukocyte infiltration. acute emphysema; desquamation of 
Other findings included extensive the epithelium and hemorrhage in 
hemorrhage; atelectatic regions and the bronchioles; and polymorphonu- 


TABLE 2.—CADMIUM CONTENT OF TISSUES OF CAT 4, POISONED WITH LESS 
CONCENTRATED CADMIUM OXIDE FUME 
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'1G.4.—Blood variations of Cats4 and 5. (The first sample was taken before exposure.) 
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clear leukocytes in the walls of the 
bronchioles. 

The liver showed numerous granu- 
lar vacuolated cells, especially around 
the central vein, and here and there 
the nucleus was destroyed. The archi- 
tecture was not disturbed and the 
sinusoids were empty. The cells were 
slightly swollen and the epithelial 
border was prominent. The kidneys 
showed a moderate amount of fat in 
the tubular epithelium. 

The changes in Cat 4 were very 
similar to those in Cat 3. The most 
prominent change in the lungs of Cat 
5 was the marked thickening of the 
alveolar walls, which showed extensive 
hemorrhage, marked fibroblastic prolif- 
eration, and a moderate degree of 
inflammatory cell infiltration. The 
liver and kidneys showed changes 
similar to those found in Cats 3 and 4. 
The other organs were negative. 

The chemical analysis of the tissues 
of Cat 4 is presented in Table 2. 

Blood Changes.—The blood changes 
in Cats 4 and 5 are shown in Figure 4. 
There we see a tendeney toward in- 
crease in the red cells; the white cell 
count inereases abruptly on the day 
immediately following exposure, but 
drops back on the third day, and sub- 
sequently fluetuates around the nor- 
mal point. The polymorphonuclear 
leukocytes, however, maintain a defi- 
nite tendeney to inerease—in Cat 4 
from 51 per cent. to 94 per cent. in 
four days, and in Cat 5 from 50 per 
cent. to SO per cent. in eight days, 
fluctuations during this 
The microscopic study of the 


with slight 
period. 
blood 


normal appearance with no abnormal 


smears showed more or less 


eells except in Cat 4 which showed one 
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normoblast in a whole slide on each of 
the last two days before it was killed 


Discussion: 

The problem of how much cadmiur 
was inhaled by the cats and how mue} 
was retained in the lungs is mos 
important. Although these questions 
cannot be answered with accuracy, they 
may be answered approximately. 
Saito (3), in his experiments on dogs 
and on one rabbit, obtained from 4 to 
24 per cent. dust (white lead) retention 
in the lungs. Cecil K. Drinker and 
his coworkers (4) observed that. the 
natural protection of the lungs of eats, 
rabbits, and rats against the inhalation 
of dust was very great and was influ- 
enced by different factors, such as 
quiescence and light breathing. 
Philip Drinker and his coworkers (5), 
in a study of the retention of dust and 
fume by man, found that for zine oxide 
powder it averaged 56 per cent. and 
for zine oxide fume 57 per cent. 
Brown (6) points out different factors 
that influence the dust retention— 
inspired dust concentration, particu- 
late size, density, wettability, and rate 
of respiration. He concluded that 
with a respiration rate over 20 per 
minute the dust retention is effected 
only by impingement and is about 40 
per cent. for man. 

Normal eats breathe about seventy 
times per minute. In the present 
research, after about twelve hours oi 
exposure the breathing of the cats 
increased to approximately 100 times 
per minute, an unfavorable condition 
for the retention of fume or dust. 
The volume of air inspired is known 
to be about 300 ¢.c. per minute per kilo 
of eat. From these figures and from 


J. 1. H. 
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-+he concentration curve (Fig. 3) it was 
nossible to calculate the theoretical 
dmium content in the inspired air. 
The percentage retention was calcu- 
ted from the results of the chemical 


From Table 3 it may be concluded 
-hat the eats had inhaled from 6 to 12 
‘le amount under the conditions of the 
experiments. Certainly all the cad- 
mium retained could not be recovered 
»y analysis since some must have been 
excreted. Jven if we assume that 50 
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tube connected with a blower inter- 
rupted about forty times per minute. 
This air blast maintained a fairly con- 
stant concentration of cadmium oxide 
dust in the air. Two cats were used 
for the experiment: Cat 6, which was 
exposed for twenty minutes and was 
killed by ether and bleeding one 
month later; and Cat 7, which was 
exposed three times—for eleven min- 
utes on the same day as Cat 6, for 
fifteen minutes one month later, and 
for thirty minutes on the following 
day—and was killed by ether and 


TABLE 3.—THEORETICAL AMOUNT OF CADMIUM INSPIRED AND PERCENT- 
AGE RETENTION IN CATS POISONED WITH LESS CONCENTRATED 
CADMIUM OXIDE FUME 








| | 
| | THEORETICAL | | 
| WEIGHT | AMOUNT OF | TOTAL CADMIUM | PERCENTAGE 
| } 
} 
| 


important 
namely, the lungs, liver, and kidneys. 


commercial 
modifieation of 
scribed by Jétten and Arnoldi (7) was 


organs in these animals, 


Cadmium Oxide Dust 


lor the purpose of poisoning cats with 
cadmium oxide dust, a 
the apparatus de- 
sed (see Fig. 5). The cats were put 

the lateral branch this 
The cadmium oxide was 


boxes. of 


pparatus. 


niaced below in a glass tube, with a 
‘eve at the bottom, and the glass 


CAS Be. OF CAT CADMIUM FOUND RETENTION 
INSPIRED 
Oe | kg. — a “mg mq. _ 
3 | 2.45 8.75 1.49 17.03 
4 1.70 6.05 1.80 29.75 
5 3.90 12.60 2.79 22.14 
ner cent. of the inspired cadmium was' bleeding six hours after the last 
retained, which represents a very small exposure. 
mount (3 to 6 mg.), this was sufficient Symptoms.—Cat 6 had abundant 
eause considerable damage to salivation when removed from the 


box, appeared very depressed, refused 
to eat, and did not reaet to normal 
stimuli. Respiration was increased. 
During the following days the cat 
was very sick, had noisy respiration, 
and refused to eat. Seven days after 
exposure it showed signs of recovery, 
and on the eighth day began eating. 
During this period its weight dropped 
from 4.9 kg. to 2.05 kg. The symp- 
toms shown after this exposure were 
similar to those following exposure to 
cadmium oxide fumes; therefore the 
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eat was left to recover, and on the 
following days it improved steadily 
although the rate of respiration con- 
tinued to be higher than before the 
exposure. In two weeks there was an 
increase in weight of 0.6 kg., but this 
was followed by a loss during the next 
two weeks, so that one month after 
exposure, when the cat was killed, it 
weighed 2.3 kg. 

Cat 7 showed very few symptoms 


VENT 
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vomiting. Kespiration was very diff}. 
cult and the animal was in the samp 
serious condition as the two ‘ats 
exposed to high concentrations of 
cadmium oxide fume. 

Autopsy.— In Cat 6 the lungs were of 
a light pink color, with a gray alveola, 
design. ‘The trachea was normal! jp 
appearance. ‘The liver was yellowish 
brown, friable on section, and had 4 
fatty appearance. The other organs 
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iia. 5, 
and cadmium sulphide dust. 


following the first exposure—chiefly 
slight loss of appetite on the day of 
On the next day its appear- 
ance was absolutely normal. During 
the following month it gained 0.5 kg. 
in weight, and at the end of that time 


exposure. 


Was again exposed for fifteen minutes. 
This second exposure apparently dis- 
turbed the eat very little, and on the 
following day it was again exposed for 
thirty minutes. After the third expo- 
sure there was abundant salivation and 


Cross section of apparatus used for poisoning cats with cadmium oxide dust 


were normal. In Cat 7 the lungs were 
very congested, and on section exuded 
an aerated liquid. The trachea and 
other organs were normal. 
Microscopic  Findings.—Cat 0 
showed most pronounced changes in 
the lungs: chronic and subacute inter- 
stitial pneumonia, and marked thick- 
ening and fibrosis of the alveolar 
walls. Some hemorrhage, as well as 
foci of lymphoid cell infiltration, was 


seen. Scattering of polymorphonu- 


75. 
May, 1952 








clear leukocytes, hyperplastic alveolar 
epithelium, and emphysematous re- 


sions alternating with atelectatic 
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regions were also observed. The liver 
showed a marked, central fatty infil- 
tration, with an occasional tiny nec- 


TABLE 4.—CADMIUM CONTENT OF TISSUES OF CAT 6, EXPOSED TO CADMIUM 


- 





OXIDE DUST FOR TWENTY MINUTES AND KILLED ONE MO 


‘TH LATER 





TISSUE 


| } 
| | PERCENT- 








Liver. <r TT ce Leer eee Lee eo RT ae eee 


ae 2 OP ee + Re oS Re & 6 O54 OO 8 2S OE SHEA RAS OS 6 OO OE: 4D 
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‘Soa oe oe wm i ee ew oe ie ok a ae a oe oe oe Oe oe) Ow a oe le ek oe er oe 





craun, | TOTAL | CADMIUM | AGE OF 
in oll CADMIUM IN 100 GM.| TOTAL 
| FOUND | OF TISSUE | CADMIUM 

| | | FOUND 

| gm. | mg. | mg. | 

| 80.5 | 0.00 | 0.00 | 0.00 
| 24.0 | 0.25 | 1.04 | 11.74 
72.0 | 050 | 0.69 23.47 
| 11.0 | 0.55 | 5.00 25.82 
| 2.0 | 0.05 | 2.50 | 2.35 
4.0 | 0.06 | 1.50 | 2.82 

| 110 | 0.04 | 0.36 | 1.88 
| 25 | 0.05 | 2.00 | 2.35 
| 6.6 | 0.08 121 | 3.75 
| 19.5 | 0.05 0.26 | 2.35 
56.0 0.10 0.18 | 4.70 
18.0 0.40 2.21 18.77 
2.13 100.00 


TABLE 5.—CADMIUM CONTENT OF TISSUES OF CAT 7, EXPOSED TO CADMIUM 


OXIDE DUST FOR ELEVEN MINUTES, AND AGAIN 


AND THIRTY MINUTES, RESPI 





FOR FIFTEEN 


ICTIVELY, ON TWO SUCCES- 
SIVE DAYS ONE MONTH LATER 





TISSUE 


Liver..... 


Pane O 6 8 oe beer ee 6 bb, Fe Oe. 06 eS OO 8 we Oo Se. oO OO 
“ee ae eS 7 oe ae 





PERCENT- 
AGE OF 
TOTAL 


CADMIUM 


WEIGHT SOTAL 
dene CADMIUM JIN 100 GM. 


OF TISSUE 


FOUND OF TISSUE |) CADMIUM 
FOUND 
Qin. mq. mig. 
73.0 Ne Ft lssas F ceens 
23.0 2.00 &. 70 47.96 
74.0 0.75 1.11 17.99 
20.0 0.50 2.50 11.99 
2.0 0.30 1.50 4.00 
1.5 0.25 16.65 5.99 
8.5 0.10 |e 2.40 
4.0 0.12 3.00 2 SS 
9 0.15 67 3.60 


4.17 00 
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rotic area, and some yellow-brown 
material (bile or blood) in the phago- 
cytic cells. The kidneys showed fatty 
infiltration, especially in the convo- 
luted tubules. The other organs were 
negative. The chemical analysis of 
Cat 6 is given in Table 4. 

The lungs of Cat 7 showed acute 
edema and generalized bronchopneu- 
monia, polymorphonuclear leukocytes 
in the alveolar walls and alveolar 
lymphaties, interstitial edema, blood 
in some of the larger bronchioles, and 
acute alveolar emphysema. As was 
stated before, Cat 7 appeared abso- 
lutely normal following the _ first 
exposure, but lesions were found in the 
lungs which showed that this first 
exposure had had a damaging effect. 
Reparative reaction was found around 
and in the lining of the alveolar duets. 
Here and there were small sears with 
lymphoid infiltration. The kidneys 
showed a moderate fatty infiltration 
in the tubules. ‘The spleen showed 
abnormal congestion and many poly- 
morphonuclear leukocytes. The liver 
and other organs were negative. ‘The 
results of the chemical analysis of this 
eat are given in Table 5. 


Discussion: 

rom these observations we may 
conclude that cadmium oxide dust is 
harmful, and that the toxicity resem- 
bles that of cadmium oxide fume.! 
Further, it is apparent that owing to 
fibrotic process, the pneumonia and 


‘In the ease of both cadmium oxide fume 
and cadmium oxide dust the amounts in- 
haled were very large, larger probably than 
would ever be encountered industrially. 
The experiments show that cadmium is a 
dangerous substance and that the type of 
damage to be expected is of such critical 
nature as to indicate the avoidance of the 
inhalation or ingestion of even. small 
amounts of cadmium. 
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bronchopneumonia produced by ead- 
mium oxide (fume or dust) perma- 
nently damage the lungs by thickening 
the alveolar walls. It is importan} 
that very small amounts of cadmium 
oxide were capable of producing scars 
in the lungs, though the animal was 
very little disturbed by the exposure. 
The effect of cadmium oxide dust on 
the liver and kidneys was similar to 
that of cadmium oxide fume. One 
month after exposure there was 4 
large quantity of cadmium in the body, 
the largest amounts being retained in 
the kidneys, liver, and bones. 

The cadmium oxide dust concentra- 
tion to which the cats were exposed, 
was determined and was found to be 
0.4 mg. per liter of air (or 400 mg. per 
cubic meter of air). Taking the 
quantity of air inspired as 300 ¢.ce. per 
kilo of cat, we have the results shown 
in ‘Table 6. 


Cadmium Sulphide 


The same apparatus was used as for 
the experiments with cadmium oxide 
fume. The total number of cats 
exposed was four: Cat 8, which was 
exposed for two hours and killed by 
ether four hours later; Cat 9, which 
was exposed for one hour and died 
one week later; Cat 10, which was 
exposed for two hours and twenty 
minutes and died on the sixth day after 
exposure; and Cat 11, exposed for 
twenty minutes and killed one week 
later. 

Symptoms.—Cat 8 did not show the 
least disturbance after exposure to 
cadmium sulphide dust, and immedi- 
ately started to eat. Cat 9 presented 
a normal appearance and ate well at 
the end of exposure and on the day 


following. On the third day it had 
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very little appetite, appeared de- 
pressed, and had diarrhea. During 
+he following four days, until its death, 
‘+ refused to eat and was very sick, 
showing definite pulmonary symp- 
toms: increased rate of respiration, 
dyspnea, and noisy respiration. Cat 
i) displayed similar symptoms, fol- 
lowed by death on the sixth day. In 
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took only a very little milk and salmon. 
These conditions continued for several 
days but the cat was not so seriously 
sick as Cats 9 and 10. 

Autopsy.—The lungs of Cat 8 were 
normal in appearance except for 
numerous dark spots denoting areas of 
atelectasis. The lungs of Cat 11 were 
nearly normal, having little conges- 


TABLE 6.—THEORETICAL AMOUNT OF CADMIUM INSPIRED AND PERCENT- 
AGE RETENTION IN CATS POISONED WITH CADMIUM OXIDE DUST 















































| 
| | THEO- | 
| CADMIUM RETICAL | TOTAL 
ae | WEIGHT | TIME | selec nade | . PERCENTAGE 
CATNO. | Opcat | Exposep | CONTENT | AMOUNT OF| CADMIUM | Do noNTION 
snl — ll CADMIUM | FOUND — 
| INSPIRED | 
kg. | min. | omg./l. mg. | mi. 
6 4.9 20 | 0.4 11.76! 2.13 18.11 
| 
} | 
| | | | 
( 2.0 | 1] | 0.4 | 2.64 
~ © a] € 
| 15 | 0.4 3.60) 4.17 31.03 
| | o onl 
| 30 | 0.4 | 7.20 
| | ae 





| Total 13.44 



































BY INHALATION OF CADMIUM SULPHIDE 
| | PERCENT- 
— WEIGHT | SOT Ae CADMIUM AGE OF 
TISSUE pe | CADMIUM JIN 100 GM.| TOTAL 
| OF TISSUE | as 
| FOUND | OF TISSUE} CADMIUM 
| | FOUND 
| qm. | mg | mg. 
Ns os ee ee ae oe es eae eRe eas 16.0 1.95 | 11.86 92.86 
ET ee Te Teo eee See 620 | 0.15 | 0.32 7.14 
pe ee eer re eer rT 2.10 | 100. 00 
(at 11 no symptoms were manifested tion. Cats 9 and 10 showed con- 


following exposure. On the next day, 
however, the animal refused salmon 
and drank only milk, after which 
appeared. On the third 
day salivation continued and vomiting 
occurred in the afternoon after drink- 
ing milk. On the fourth day the eat 
appeared depressed, was dyspneic, and 


salivation 





siderable congestion. In the rest of 


the 


organs nothing abnormal was 
observed. 
Microscopic Findings.—In Cat 8 


the lungs showed extensive emphy- 
sema, some alveolar edema, extensive 
interstitial and alveolar hemorrhage, 
and early pouring out of polymor- 






















186 


phonuclear leukocytes. ‘The observa- 
tion gave the impression that the 
extensive acute emphysema might be 
due to the obstruetion of the small 
bronchioles and alveolar ducts by the 
sulphide dust. Chemical 
analysis is given in Table 7. 

The lungs of Cat 9 showed marked 
engorgement of the blood vessels and 
capillaries, with hemorrhage in the 
interstitial tissue and alveoli. There 
was extensive emphysema, some ate- 
lectasis, but relatively little inflamma- 
tory cell infiltration and edema. The 
liver and kidneys were very little 
involved. 

Examination of the lunes of Cat 11 
moderate congestion, quite 
interstitial and alveolar 
hemorrhage, and early pouring out 
of the polymorphonuclear leukocytes. 
There was moderate emphysema and 


-admium 


showed 
extensive 


ateleetasis. 


Discussion: 

I'rom these observations we may 
conclude that cadmium sulphide is far 
from being harmless. Its noxious 
action is different from that of cad- 
mium The subjective symp- 
toms, usually appearing from twenty- 
four to thirty-six hours after exposure, 
are vomiting and diarrhea, oeccasion- 
ally salivation, dyspnea, and noisy 
respiration. The pathologie changes 
referable to cadmium itself take place 
The first change in the lungs 
is an extensive emphysema, which 
cannot be other than mechanical, 
resulting from the filling of the small 
bronchioles alveolar duets with 
eadmium sulphide dust. This effect is 
of course not specifie for cadmium. 
After thirty-six to forty-eight hours 


oxide. 


slowly. 


and 


the animals develop generalized pneu- 
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monia, and bronchopneumonia wij}; 
edema, and after about a week they 
die. Very small amounts of cadmium 
sulphide are capable of producing 
congested inflammatory conditions tn 
the lungs, and this can occur withouy; 
antecedent atelectasis or emphysema. 
The fact that even one week after 
exposure to cadmium sulphide dus} 
over 70 per cent. of the total cadmium 
found was in the lungs, explains why 
the other organs were affected very 
little, if at all. The difference in the 
action of cadmium sulphide and ead- 
mium oxide is due to the difference 
in physicochemical properties. Cad- 
mium sulphide, being very insoluble, 
is resorbed slowly; therefore the sub- 
jective symptoms are retarded and its 
distribution in the body is limited. 
Because of its lower density, it requires 
a greater volumetric amount than 
admium oxide, and consequently the 
tendency to emphysema production is 
greater. 


POISONING BY FEEDING 


Cadmium poisoning through the 
gastro-intestinal tract, as has already 
been mentioned, is of no great practical 
importance for man. The aim was 
especially to investigate microscopi- 
eally the pathologie changes which 
were observed macroscopically — in 
poisoning by feeding, and also to 
determine the distribution of cadmium 
in the body. 

For this purpose two cadmium com- 
pounds were used, namely, cadmium 
earbonate and cadmium phosphate. 
We had three groups of cats, with two 
in each group, for each salt, and two 
eats as control animals, making 4 
total of fourteen. The cadmium salts 
were suspended in a 2 per cent. solu- 


J, 1. Me 
May, 1932 











CADMIUM 


son of gum acacia, of which 1 c.c. was 
: to 10 mg. of metallic 
eadmium. The cats were fed with 
-sjmon and milk to which the cad- 
nium was added in different doses for 
) group. Feedings were given 
ily except Sundays for the first 
month, and every day including Sun- 
joys during the second month, with 
‘ie exception of Christmas day. 


t*{ nivalent 


‘e 


rey 
~~) 
acd 
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much was vomited. As there was no 
difference between the effects of the 
two cadmium salts, the observations 
will be described together. 

Table 8 shows the grouping of the 
eats according to the amount and the 
duration of cadmium feeding: Group 
A, fed 100 mg. daily for one month; 
Group B, 10 mg. for two months; and 
Group C, 2 mg. for two months. 


TABLE 8.—GROUPING OF CATS FED DIFFERENT AMOUNTS OF CADMIUM 


CARBONATE AND CADMIUM PHOSPHATE 











KILLED 


KILLED AT | 1 MO. AFTER 
DURATION | 





GROUP CAT NO. COMPOUND FED DOSE DAILY (in pppping END OF FEEDING 
| FEEDING DISCON- 
| TINUED 
mq. mos. | 

A 1 | CdCO, 100 l yes | 

2 Cd;(POx;4): 100 | 1 yes 

3 CdCoO; 100 | 1 yes 

4 Cd;(POx4)s 100 1 yes 
B 5 CdCO; 10 2 yes 
| 6 Cd;(POx4)2 10 2 yes 

| 7 | CdCoO; 10 2 | yes 

8 | Cd;(PO,)2 10 2 | yes 
C g CdC¢ )s 2 2 yes 
10 | Cd3(PO,4)2 2 2 yes 

11 CdCo; 2 2 yes 

2 2 2 yes 


12 Cd; (POx,) 





The eats were weighed, and blood 
samples were taken, before the experi- 
ment was started and every two weeks 
afterwards. At the end of the obser- 
vations the animals were killed by 
bleeding; specimens were then taken 
‘or microscopy, and the body was 
nalyzed for cadmium. The aim was 

)make the cats eat all the cadmium 
iestined for them, and this was 
ccomplished for the most part except 

ihe ease of the highest doses. An 
estimate was made of the consumed 
ood eontaining cadmium, 
attempt was made to determine how 


but no 


J 


Group A 


Of the four cats in this group, two 
(Cats 1 and 2) were killed by bleeding 
after one month of cadmium feeding, 
and two (Cats 3 and 4) were allowed 
to live for one month following the 
feeding experiment, during which time 
they were given only salmon and milk. 

Symptoms.— During the entire feed- 
ing period there was always vomitin 
when the eats ate food containing 2 
per cent. or more of cadmium. At the 
beginning of the experiment the vomit- 
ing occurred within from two to four 


o 
- 
2 
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hours after the meal; later it was 
delayed so that at the end of about a 
month it oecurred from eighteen to 
twenty-four hours after eating. In 
these cases of delayed vomiting the 
food was very little digested, having 
almost the same appearance as in the 
period of early vomiting. This 
perhaps explained by the toxic effect of 


1s 


the cadmium salts on the gastric 
ferments. At the beginning of the 
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the animals ate better and_parily 
regained their lost weight. 
Autopsy.—In Cat 1 the kidneys ha, 
the aspect of the so-called “big whj:, 
kidney.” The lungs, liver, and othe; 
organs were normal in appearance 
Cats 3 and 4 showed nothing abnop. 
mal, and Cat 2 nothing except possi! 
a fatty liver and large kidneys. 
Microscopic Findings.—Cat | 
showed very slight congestion of tly 


) 
iver 
Ji\ 


TABLE 9.—CADMIUM CONTENT OF TISSUES OF CAT 1, FED 100 MG. OF Cap. 


MIUM CARBONATE DAILY FOR ONE 


MONTH AND KILLED AT END OF 


CADMIUM FEEDING 














| | iz | PERCENT- 

| eee | protaL | CADMIUM | AGE OF 

lit on T1ss0z | geceennony | 100 ax. a yrcread 

| . | OF TISSUE | as otal 

qm. mq. | mg. 

oe, errs 97.5 000 | 0.00 | 0.00 
RN ogee ne ae ee a ek 21.5 010 | 046 | O83 
ee er ee ee 67.5 | 6.75 | 10.00 | 55.97 
NE oe ee ee 44.0 | 400 | 9.10 | 33.17 
a a er ree 20 | 012 | 6.00 | 1.00 
i. Sp ng ieee ee ars tae arnec ronnie 80 | 0.10 | 1.25 | 0.83 
ee ee ee 144.0 | 010 | O71 | 0.83 
a ee 7.5 0.05 | 0.67 | 041 
I or tie ot a aso acute ole Oa xen ee ee 7.0 0.05 | O71 | 0.41 
Brain 22.0 0.07 0.32 | 0.57 
Muscle | 67.0 0.12 0.18 1.00 
Se Ser OD ee op alse edna a 28.5 0.60 2.10 4.98 
RR ee ae ate oa Ee Oe eens 12.06 100.09 


feeding the vomiting was preceded by 


abundant salivation, and this. still 
persisted after the vomiting. The 


eats, as would be expected, lost con- 
siderable during the 
This may be ex- 
plained by the inanition due to vom- 
iting, loss of appetite, and deficient 
digestion of the retained food, and 
of cadmium. 
When the cadmium was discontinued 


body weight 


cadmium feeding. 


also to the toxie effect 








lungs, a few polymorphonuclear cells 
in the alveolar walls, and some emphy- 
sema. The liver was essentially nega- 
tive. The kidneys showed a varying 
degree of degeneration of the tubular 
epithelium, involving principally the 
proximal convoluted tubules, and to 
a slight extent the collecting tubules. 
The glomeruli no 
The gastro-intestinal tract, the trachea, 
and other organs, including the heart, 


showed change. 


May 

















ly -pleen, pancreas, brain, bone marrow, 
and muscle, were all negative. The 
d ' chemical analysis of this cat is given 
in Table 9. The analysis of 11 gm. of 
+ HB feces (found in the rectum) yielded 60 
p, mg. of eadmium. 
r- The lungs of Cat 2 showed very few 
y polymorphonucelear cells. In the liver 
‘here was a general granulation of the 
cells, which was more prominent in the 
central areas. The kidneys presented 
‘he same tubular fatty degeneration as 
). | those of Cat 1, but to a lesser extent. 
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Blood Changes.—The blood was not 
affected in this group of feeding 
experiments. 


Group B 


The cats in this group were fed 10 
mg. of cadmium daily for two months, 
after which two (Cats 5 and 6) were 
killed and two (Cats 7 and 8) were put 
on a plain diet for a month. 

Symptoms.—During the first ten 
or twelve days vomiting occurred 
from four to six times, accompanied 


TABLE 10.—CADMIUM CONTENT OF TISSUES OF CAT 3, FED 100 MG. OF CAD- 
MIUM CARBONATE DAILY FOR ONE MONTH AND KILLED ONE MONTH 








| PERCENT- 
CADMIUM | 

























onan | TOTAL | eo | AGE OF 

TISSUE Re ponieganiidl CADMIUM | Sago | TOTAL 
OF TISSUE cea vi 100 GM. |. : 

FOUND | OF TISSUE | CADMIUM 

| | | “| FOUND 

gm. | mg. | mg. 
SN Ss hae oie CH eee ae eee ee es | 117.0 | 0.00 | 90.00 0.00 
SA Use kadai et a a alae ee ee | 103.0 | 4.00 3.85 57.14 
BG heals eee aha Re Aue eee rer. | 38.0 2.00 5.26 28.57 
cee a ae ee een ecm ee Ta re | 0.8 0.05 6.25 0.72 
Pyare Tiere Ce rire eters | 34.0 | 0.15 0.44 2.14 
SE Te Docc vce deka iv esavaecderistel 16.0 | 0O.80 5.00 11.43 
Ms ee ee Re eee 








In Cat 3 the lungs were negative; 
the liver showed a general granulation 
of the cells, and large vacuoles of fat. 
The fat accumulation was not so 
prominent in the central areas, but 
seemed to be more generalized. If 
there was any repair it was very slow. 
The kidneys showed a _ pronounced 
fatty degeneration of the tubules. 
(hemical analysis of the tissues is 
given in Table 10. 

The changes 
were 


in Cat 4 
much the same as those in the 
4 1 ° ‘ 

Other cats in this group. 


observed 





by salivation. During the vomiting 
period the appetite was decreased. 
After vomiting ceased, all the cats 
started to eat well, and continued to 
do so until about the end of the second 
month when, with the exception of Cat 
5, they all showed a marked decrease 
in appetite. Cat 5 refused to eat on 
the forty-second day of the cadmium 
feeding, and was killed the next day. 
The variations in body weight were 
definite only for Cat 5, in which there 
was a steady decrease. 

Autopsy.— Except for a very fatty 
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liver in Cat 5, nothing abnormal was 
found. 

Microscopic Findings.—In Cat 5 the 
liver showed a strikingly profound 
alteration, so that the central and 
midzonal areas of lobules stood out 
prominently as lightly stained vacuo- 
lated areas. In the periphery of the 
of the liver the tissue was 
relatively normal in all respects. 
The portal blood vessels and_ biliary 


lobules 
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out the liver tissue, but especially 
near the periphery of the lobules, ‘ 
yellow-brown pigmented material was 
noticed in the form of droplets and 
granules, often enclosed within phago- 
eytic cells. Occasional — seattered 
liver cells could be seen which were 
necrotic and were invaded by poly- 
morphonuclear leukocytes. The kid- 
neys showed a moderate degree of fa} 
in the tubules; the other organs were 


TABLE 11.—CADMIUM CONTENT OF TISSUES OF CAT 5, FED 10 MG. OF CAp- 


MIUM CARBONATE DAILY FOR TWO 


CADMIUM FEEDING 


MONTHS AND KILLED AT END OF 


| | | | PERCENT- 
} 
































| CADMIUM a 
| WEIGHT | TOTAL | PER AGE OF 
—- | OF TISSUE | pps , | 100 aM. é ong 
| gm. mq. | omg. | 
I ee Nice ane eo aa ane al | 62.0 0.00 0.00 | 0.00 
SE eee 14.0 0.10 0.79 | 2.16 
TC ERC ET RECO RTC ELECT ee eT ore | 44.5 2.50 5.62 | 54.11 
a coy oo vec Gace esse jensen 21.5 1.00 4.65 | 21.65 
Seen cree eae ener ee ee eee eer 1.5 0.07 4.66 | 1.52 
SI ee ona eae viata cakes ea ee ee / 11.0 0.15 1.36 3.25 
aera ag ieee ee eee ee 9.0 0.05 0. 56 1.08 
ere W i> Cow eee renin ake wees 5.0 0.04 0.80 0.87 
I iin or Uses Shee: Sareea Sa ee eeaere 4.5 0.05 1.11 1.08 
NR orate re ee a er eer. i Sa | 23.0 | 0.06 0.26 1.30 
saiapan te eee ee... ae 0.10 2.16 
ee Oe er a eae ee eee 20.0 | 0.50 2.50 | 10.82 
De es eee | | 4.62 | 100.00 
duets presented no abnormalities. negative. The chemical analysis of 


‘The central veins were engorged. <A 
more detailed study of the central 
areas mentioned above revealed that 
practically every liver cell contained 


many small or single large, clear 
vacuoles of fat. This fat aececumula- 


tion eaused distortion of the columns 
of liver cells so that 
difhieult 
and appeared compressed. 


the sinusoidal 


spaces were recognize 


Through- 


to 


Cat 5isgivenin Table ll. The analy- 
sis of the feces showed 10 mg. of 
cadmium in 6 gm. of feces. 

The changes observed in the other 
cats in this group consisted chiefly in 
granulation of the liver cells and 
pronounced fatty degeneration of the 
renal tubules. 

Blood Changes.—No marked blood 
changes were noted except in Cat 9, 


> 
May, 1952 








which showed an increase in the 
yumber of red cells and in the hemo- 
clobin content. 


Group C 


The experiments in this group, in 
«hich eats were fed 2 mg. of cadmium 
jaily for two months, proved to be 
simple variants of those with large 
doses, and they will therefore not be 
considered separately. 


Discussion: 

Cats fed with large doses (100 mg.) 
of cadmium vomited during the entire 
period of cadmium feeding. At the 
beginning of the period the vomiting 
occurred within two or three hours 
after eating, but it became progres- 
sively delayed until at the end it 
occurred from eighteen to twenty-four 
hours after eating. The cats showed 
1 marked loss of appetite and a pro- 
eressive loss of weight. The loss of 
weight was so pronounced in one 
instanee (Cat 1) that the muscles were 
reduced to a minimum and the cat 
could hardly walk. The cats which 
were fed an intermediate dose (10 mg.) 
vomited only at the beginning of the 
period. They lost less weight than 
the animals fed larger doses, and had 
fairly good appetites except during the 
vomiting period and at the end of the 
second month. The vomiting in both 
croups of cats was accompanied by 
salivation. The eats fed with small 
doses (2 mg.) did not vomit, and in 
general maintained their body weight. 
Their appetites were good except at 
the end of the second month, when 
there was a marked loss of appetite. 
During the feeding period no other 
Symptoms were observed. 

Vol. 14 
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At autopsy, in general no pathologic 
changes were found except occasionally 
very marked fatty liver and large 
kidneys. The urine from these cats 
gave a typical Gmelin test, and was 
negative for albumin when tried in 
a few cases (four in all). Microscopic 
changes occurred chiefly in the liver 
and the kidneys, and in such a manner 
that either one or the other was more 
affected, and only seldom were both 
affected profoundly. For the most 
part, the cats with less appetite, or 
those that refused more often to eat, 
had badly affected livers; in those that 
ate well, the kidneys were more 
affected. ‘The changes in the liver 
ranged from general granulation of the 
liver cells, as the minimum, to a 
generalized fatty infiltration as the 
most profound change, predominant 
in the central areas of liver lobules. 
The eats which were put on a plain diet 
for one month after the cadmium feed- 
ing was discontinued did not show any 
sign of repair; if there was any it was 
very slow. The changes in the liver 
were accompanied by a biliary stasis. 
The kidneys presented only one type 
of lesion, namely, fatty infiltration, 
which was more predominant in the 
convoluted tubules and occurred very 
little in the collecting tubules; the 
remainder of the kidneys was more or 
less normal in appearance. No casts 
were observed in the tubules, such as 
were described by Severi (8) after 
intravenous injection of cadmium 
chloride. Neither was inflammation 
of the upper respiratory tract observed 
during the period of cadmium feeding, 
as described by Schwarz and Otto (9), 
and the microscopy of the trachea 
was always negative. The gastro- 
intestinal tract also appeared normal 
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in all instanees, both macroscopically 
and microscopically, 

The cadmium was stored principally 
in the liver; in the majority of cases 
the kidneys contained the greatest 
relative amount (7.e., the quantity per 
100 gm. of tissue), and in a few cases 
The 
the 
gastro-intestinal tract andthe kidneys, 


the greatest absolute amount. 


excretion was effected through 
and was very slow as is seen from the 
analysis of the organs of the eats 
remaining on a plain diet for one month 
after 


tinued. 


eadmium feeding was. discon- 
The blood did not change in 
any definite way. 

The observations coneerning vomit- 
ing and distribution of cadmium in 
the 


Schwartze and Alsberg’s (10) findings, 


body are in accordance with 


and the distribution of eadmium is 
also in accordance with Hessel’s (11) 
work, except that in neither instance 
(10) (11) was cadmium found in the 


bones. 


PREVENTION OF POISONING 


cadmium 
industrial 
oecurs through the respiratory tract, 
and that very small amounts of ead- 
mium oxide fume or dust, as well as 
of cadmium sulphide, may produce 
On the 
basis of these observations one may 
conclude that cadmium, no matter how 
small the amount taken into the lungs, 


It has been shown that 


poisoning as an hazard 


serious damage in the lungs. 


causes pathologie changes, and that 


there is, therefore, no permissible 
amount of eadmium. 

There are two possible methods for 
protection against cadmium fume or 
dust: ventilation at the 


source of the fume or dust, which is of 


adequate 


course the more important; and the 





THhk JOURNAL OF INDUSTRIAL HYGIENE 


provision of masks or respirators fo 
use in emergencies or for short periods 
The type of  ventilatioy 
which should be provided will not }y. 
here, but the protectiye 
value of one type of mask and one type 
of respirator will be presented, 4, 


of time. 


discussed 


. 
gether with suggestions as to whep 
each should be used. 

The Burrell and the 
Willson bag respirator were tested {oy 
cadmium oxide fume and for cadmium 
chloride fume mixed with hydrochloric 
The procedure was as follows: 


dust mask 


acid, 
Cadmium was burned in an electric 
furnace in a large dust cabinet. After 
there was sufficient cadmium oxide 
fume, samples were taken with two 
impingers in series (12) for the deter- 
mination of the cadmium concentra- 
tion in the cabinet. then 
extracted from the cabinet throug) 
the respirator or the mask, and con- 
ducted through the double impinger, 
in order to determine the cadmium 
content. Finally, from the cadmium 
concentration in the cabinet and the 
quantity of cadmium passed through 
the mask or the respirator, the per- 
centage efficiency of each device was 
calculated. For the tests with cad- 
mium chloride fume, cadmium chloride 
was burned in an electric furnace, and 
in order to simulate industrial con- 
ditions hydrochloric acid vapor was 
introduced, the concentration of which 
was not determined since cadmium 
chloride and hydrochlorie acid in vary- 
ing amounts sometimes occur together 
in industry. The determination o! 
the cadmium content of the eabine' 
and the test for the masks were earric( 
out in the same way as for cadmium 


Air was 


oxide. 
The results of these tests, presented 


3.1.5 
May, 1932 
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o 12. show that the Burrell dust 


etained a greater percentage of 
on than the Willson bag respira- 
\ respirator of the efficiency of 


illson bag seems suitable 


for 


ion against low concentrations, 


A 


12 


POTSONING 19:5 


have once been exposed to cadmium in 
any form and have developed pul- 
monary symptoms, however mild, 
should not suffer a seeond exposure. 
In the smelting of zine ores containing 


eadmittm, particular preeaution should 


EEEICIENCY OF BURRELL DUST MASI AND WILLSON BAG 


<PIRATOR IN CADMIUM ONTDE FUME AND IN CADMIUM CHLORIDE 


Ltt) oxide 


TT 
A 


the 


high eoneentrations nre 


oda lime enrt ridve ds 


Bu 


ht Md: 


(CONMPOT 


i chloride 


re, 


rrel] 


msisk 


ND 


() 


MINED 


Particles of ¢admium oxide fume, 


Wr 


HYDROCHLORIC ACTD 


(ADMIUM 
MASK OR 


CONCEN- PERCENTAGI 
. RESPIRATOR 
rRATION IN EFFICIENCY 
rESTED 
(CABINE’ 


tri] Ce. Fre 


134 00 Surrell mask 2 
55 00 Willson bag TO 0) 
0H, OO Willson bag ms? fy 
19 30 Willson bag 13:3 
1] OO Surrel] mask aT, 

S M4 Willson bag plus S70 


Sods lime Ciat- 


tridve 


for protection against the hyvdrochlorie acid vapors 
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is advisable be taken during the first two hours 


encoun- when endmium fume in high econeen- 


It should be emphasized again, tration is given off. The possibility 


ver, that adequate ventilation is of eadmium poisoning In zine smelters 


hief eonsideration in protective Wiis asserted by Tracinski My) and 


1}'¢ 


" 


i ee 


mee 


one 


De oe. 


Ee 


Br ot ee ty « 


Furthermore, persons who Sigel (14), and more recently by 
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(15). 


conclusions on chemical analyses made 


Stephens Stephens based his 
on the livers of persons working in 
zine smelting. 

The faet that the efficiency of the 
mask and the respirator is not nearer 
LOO per cent. is probably explained by 
the smaliness of the endmium oxide 
fume particles. A measurement — of 
these particles after the fume had been 
set up eight hours showed that 83.5 
The 


sumple was taken with the electric 


per cent, were under | omieron, 


precipitator, and the floeceules were left 
out of the measurement. The appear- 
anee of the cadmium oxide fume is 
given in Figure 6. The size of parti- 
eles reported by Legge (16) shows 96 


The 


smiiiiness of the partieles is an addi- 


per cent. under 2. mierons. 
tional argument for adequate ventila- 


Lion, 


SUMMARY AND CONCLUSIONS 


A thorough review of the literature 


showed that the work done on ead- 
Init was considerably varied, but 
the 


of the industrial hygienist (17). Al- 


unsatisfaetory from standpoint 
though industrial eadmium poisoning 


occurs practically entirely through 
(he respiratory system, the least work 
was done in this direetion. leven in 
the 


changes were not precisely determined 


feeding experiments pathologie 
since they were not verified by micro- 
Much has been 
the 


study which presents valuable infor- 


scOople @Xamination, 


achieved, therefore, in present 


mation for the industrial hygienist. 


Poisoning by Inhalation 
Cadmium) poisoning was produced 
In eats through the respiratory system 
with eadmium oxide fume, eadmium 
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oxide dust, and cadmium sy 


dust. From these experimen: 
following conclusions may be « 

Cadmium Ovide Fume and Lb 
Cadmium oxide fume or dust 
Inhaled produces an ineresse | 
rate of respiration and abundey 
vation, which appears during jy. 
exposure or immediately after, O) 


the respiration becomes more dy 


and noisy. “Phe animals refus 
tirely to eat or drink. 
In high coneentrations end suy 


the 
edema of the lungs whieh results in she 
death of the 
amounts it produces generalized prucu- 


oxide induces developme 


cnimitls. Tn smistley 
moniaand bronchopneumonia, empliy- 


The dey: )})- 


ment of the pneumonia is aecompanied 


sema, and atelectasis. 
by a progressive thickening of (he 
tlveolar walls constituting a perm 

nent damage due to fibrotie tissue snd 
Indicated by the subjeetive symptom 
of inereased rate of respiration. ‘lhe 
emphysema at best is partly mechani- 
eal, being formed by filling of the sna 
bronchioles and alveolar duets with 


endmium oxide. In very © s! 


amounts cadmium oxide — prod 
scars in the lungs, though there sa 
subjective symptoms following suc! 
PXPOSULes, 

Cadmium oxide produces chia 
in the liver varying from a ge 
granulation of the cells, as a mini 
lesion, toa pronounced fatty infi. 
tion of the cells from the central 
of the lobules, as a maximum les 
The kidneys are affeeted by «a | 
infiltration of the cells which is ! 
pronounced in the convoluted tub 
The other organs in general are 
affected. 

Cadmium is found mainly in 


M &\ 








CADMIUM 


lings, liver, and kidneys shortly after 
‘he exposure; later it becomes stored 
up chiefly in the liver, kidneys, and 
hones. 

Cadmium Sulphide Dust.—The ani- 
mals exposed to cadmium sulphide 
dust manifested symptoms only after 
twenty-four to thirty-six hours follow- 
These consisted in 
vomiting, diarrhea, occasional saliva- 
‘ion, and inereased rate of respiration, 
which was dyspneic and noisy. 

Cadmium sulphide causes general- 
ized pneumonia and bronchopneu- 
monia accompanied by edema, and 
extensive emphysema and atelectasis 
ofamechaniecal nature. The lungs are 
usually the only organs affected. 

Cadmium is found mainly in the 
lungs, with a small percentage in the 
liver and kidneys. The difference in 
the distribution of cadmium sulphide 
ind cadmium oxide is explained by 
the greater insolubility of the former 
compound. 

With both cadmium sulphide and 
cadmium oxide the excretion is af- 
fected very slowly through the kid- 
neys and the gastro-intestinal tract. 

0 definite blood changes are found. 


ing the exposure. 


Poisoning by Feeding 


Cadmium poisoning was produced 
leeding eats cadmium carbonate 
nd cadmium phosphate. Since no 
difference was noted in the action of 
‘hese two salts, the same conclusions 
be drawn from both groups of 
experiments: 
‘admium fed in large doses induces 
miting, with salivation and loss of 
petite. Vomiting for 


also occurs 
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a short period following medium 


doses, but is absent with small doses. 
The vomiting and loss of appetite 
are followed by loss of body weight. 

Irrespective of the dose of cadmium 
fed, the liver and kidneys are affected, 
with more pronounced lesions in one 
or the other. The liver presents 
changes varying from a general granu- 
lation of the cells to a pronounced 
fatty infiltration, especially around the 
central vein. The kidneys show a 
fatty infiltration, which is more promi- 
nent in the convoluted tubules. The 
other organs are not usually affected. 

Cadmium is retained in the liver in 
greater absolute quantity, and in the 
kidneys in greater relative quantity. 
The bones also retain a high per- 
centage. 

Cadmium is excreted very slowly 
through the kidneys and the gastro- 
intestinal tract. 

No definite blood changes are found. 


Prevention of Poisoning 


One type of mask and one type of 
respirator were tested against cad- 
mium oxide and cadmium 
chloride mixed with hydrochloric acid 
vapor. The use of the respirator is 
recommended where the percentage of 
cadmium the 


against 


contained in material 


handled is small. A soda lime ear- 
tridge should be attached to the 
respirator when acid fume is_ also 


The mask 
all cases where the 
Adequate 
ventilation is the most important 
consideration in the 
admium poisoning. 


present in the atmosphere. 
should be used in 
-admium content is high. 


prevention oi 
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THE REACTIONS OF THE ORGANISM TO REPEATED ELECTRIC 
SHOCKS* 


OrTHELLO R. LANGWORTHY AND WILLIAM B. KOUWENHOVEN 
The Johns Hopkins University, Baltimore, Md. 


N order to obtain chronic and well- 
marked pathologic lesions in the 
nervous system, it was proposed 
to follow the technic of Morrison, 
Weeks, and Cobb (1) and subject rats 
to a series of electric shocks. When 
this work was begun, one unusual 
observation claimed the attention of 
the experimenters and led to the stud- 
ies presented here. It was found that 
the animals which survived the initial 
shock were less affected by subsequent 
shocks 
In these experiments the technic was 
essentially the same as that reported 
by the authors in previous papers. 
ats were again used as the experi- 
mental animals and were given ether 
until they were quite unconscious 
during the period of the shock. The 
current supply was a 60-cycle alter- 
hating current circuit and means were 
provided for varying the voltage over 
« wide range. The two contacts with 
the electric circuit were made on the 
dorsal surface of the head and at the 
base of the tail. 


[IcoXPERIMENTAL FINDINGS 


rT 


lable 1 shows the effects of repeated 
electric shocks upon twenty-five rats; 


* This research was conducted with a fund 
vided by the Committee on Electric 


Shock. 
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the survivors received twelve shocks at 
approximately three-day intervals. 
The duration of each shock was the 
time required to close and open the 
switch, approximately two-tenths of a 
second. ‘The initial shocks were given 
at 248 volts; when repeated shocks at 
this potential ceased to have any 
injurious effect upon the survivors, 
the voltage of the circuit was raised. 
The results of the injury to the animals 
is recorded under four headings in 
Table 1: those that died at once, those 
that were paralyzed, those that re- 
covered completely from the immediate 
effects of the shock, and those that 
died in the interval between the experi- 
mental periods. As has been stated in 
previous reports, the rats which show 
paralysis of the hind legs following a 
shock will not survive. These animals 
were therefore killed as the 
paralysis was manifest. It is clear, 
then, that the rats lost from the series 
after each shock represent the sum of 
those that died at once or in the in- 


SOON as 


terval and those that were paralyzed. 

No rats were killed but four were 
paralyzed by the first contact with a 
circuit at 248 volts. The second shock 
at the same voltage paralyzed two, and 
the third and fourth shocks each one. 
One died in the interval between the 
After 
the fourth shock, however, none of the 


third and fourth experiments. 
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survivors were paralyzed by the next 
eight contacts, although the voltage of 
the circuit was raised until it reached 
1,200 in the last two experiments. The 
first immediate death occurred follow- 
ing the eleventh shock, at 1,200 volts, 
but there was one interval death after 
the fourth exposure to a circuit at 500 
The first shock at 1,200 volts, 
thieat 
had reeeived, caused one immediate 


volts. 


the eleventh shoek the animals 


death and three deaths in the interval. 
The second 1,200-volt shock resulted 


TABLE 1. 
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or even quadrupled, no further cases of 
paralysis occur, although deaths  jrp- 
mediately following the shocks oceur 
with the high voltage. 

These facts are demonstrated in an 
even more striking way in Table 2. 
which shows the results of experiments 
with 111 rats, including the twenty- 
five presented in Table 1. In this 
series four died after the firs; 
shock at 248 volts and one rat following 
the third shock at the same voltage. 
No further deaths occurred at 248 volts, 


rats 


MePECTS OF REPEATED ELECTRIC SHOCKS ON TWENTY-FIVE 


RATS 


Shock was Instantaneous 








NO. OF | DATE | — | NO. OF 

SHOCKS | LOS] | vane ee | RATS 
1 | 97s) | 2s | 5 
9 | Q/21 | 248 | 21 
3 9/23 948 | 19 
4 Q /25 248 | 17 
5 | 9/28 248 16 
6 | 930 | 248 16 
7 10/2 | 500 16 
8 | 6110/4 — 500 16 
9 | 10/7 | 500 16 
10 | 10/1L | 500 16 
11 | 10/18 | 1,200 | 15 
12 10/24 1,200 | 11 


in four immediate deaths. The series 
this point, and the 
included in the 


group are discussed in Table 2. 


was stopped at 


remaining animals 


rom ‘Pable Ll certain faets suggest 


themselves which may be stated as 


follows: Ifa group of rats are shocked 


from alow eireuit, a certain number of 


them are paralyzed following the first 


shock and a deereasingly small number 


during subsequent shoeks until a point 
is reached where no further injury 
takes place at the low voltage. If the 
voltage of the circuit is then doubled 


| 


| 
| 
| 
| 
| 
| 
| 
| 
| 


| PpaR- | DEATHS IN 











RE- 
DIED | ALYZED | COVERED | INTERVAL 
| | | 

O | 4 | 2 | oO 
0 | 2 | 9 | 0 
() 1 | 18 | I 
0 1 | ww v 
0 () 16 0 
Q) | 0 16 v 
0 | () | 16 0) 
() | () | 16 () 
0 | 0 160 . 
(0) | 0) | 16 | I 
1 | 0 | 4 | 3 
4 | () | 7 | 0 


but when the voltage was raised, deatlis 
immediately after the experiment and 
interval deaths became numerous. 
Twenty-two rats were paralyzed follow- 
ing the first shock; the cases of paraly- 
sis decreased to ten at the second, two al 
the third, and four at the fourth shock. 
No further eases occurred until the 
thirteenth exposure, when the voltage 
was dropped to 52 volts, which was 
about one-fifth of the voltage used 2 
the beginning of the series. The dura- 
tion of the contact was now increased 


to two seconds. No deaths immedi- 


5.1, 3 
May, 1932 








ately following the shock occurred, but 
paralysis reappeared and two rats were 
paralyzed after the first shock and one 
after the second. Another animal was 
paralyzed after a 
from a circuit at 250 volts, the initial 
When the volt- 
sve was raised again to 500, one rat 


two-second shock 
voltage of the series. 


‘ied immediately following the shock. 
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in subsequent experiments. ‘The cur- 
rent was allowed to flow for two sec- 
The results, which are given 
in Table 3, show that paralysis was 
even more marked than in the previous 
Seventeen of the forty-nine 
rats were paralyzed the first 
shock, twelve with the second, and one 


onds. 


series. 
with 


with the third shock, which was from 


TABLE 2.—EFFECTS OF REPEATED ELECTRIC SHOCKS ON 111 RATS! 


). OF DATE | VOLT- | 


DURATION OF 
HOCKS 1931 | =AGE SHOCK 

] 9/18 | 248 | instantaneous | 
9 9/21 | = 248 | 6 

3 9/23 | 248 “ 

4 9/25 248 “ 

5 9/238 | 248 | 6 

6} 9/30 | 248 

7 10/2 | 500 oe 

g 10/4 | 500 o 

y 10/7 | 500 | “ 

1() 10/11 | 500 “ 

1] 10/18 | 1,200. «6 

12 10/24 | 1,200 | ; 

13 10/28 | 52 |) 2 seconds 
14 11/4 | gi: * #4 

15 1/7 | 52} “« « 

16 11/12 | 125 o « 

17 1/15 | 20; “ « 

18 11/22 | 500 . « 


‘ Includes rats presented in Table 1. 


The latter experiments suggest that 
paralysis is more common at low volt- 
age circuits inasmuch as it reappeared 
in the series when the voltage was drop- 
ped from a high to a low level. It must 
be remembered, however, that the 
duration of the shock was increased. 

Another series of experiments was 
begun with shocks at extremely low 
voltage (30), with the expectation that 
‘his would do no injury to the animals 
and that the paralysis might be avoided 
' the voltage was increased gradually 





DEATHS 


NO. OF DIED PAR- | RECOV- IN IN- 
RATS ALYZED| ERED TERVAL 
111 4 22 8D | 2 
83 0 0 | 723 | O 
73 1 2 70 ] 
69 0) 4 65 2 
63 () () 63 0 
63 () 0) 63 0) 
63 l () 62 0 
62 f ) 56 1 
55 l () 54 () 
54 0) () 54 4 
50) 7 Q) | 3 s 
35 5 0) Jf 2 
28 0 2 26) 2 
24 () ] 23 ] 
99 () 0 22 2 
20 0 0 20 2 
18 0) ] 17 2 
15 l 0) 14 2 


a circuit at 52 volts. There were no 
further cases of paralysis, but several 
deaths occurred immediately following 
the shock. Sixty-one per cent. of this 
series were paralyzed as the result of 
the first three shocks. 

The question then arose as to the 
number of rats paralyzed by the first 
shock at different voltages, inasmuch 
appeared from the foregoing 
tables that paralysis was more common 
after shock from circuits at relatively 
low voltages. By utilizing suitable 


as it 
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data from previous studies and enlarg- 
ing the series, it was possible to learn 


the 


number 


of 


rats that would be 


paralyzed out of a series of twenty, 


from eontact 


different 


voltages. 


The 


with circuits at eleven 
results 


are 


the 8 and 13 volt circuits. Indeed 
the amount of contraction of the 
striated musculature was slight and 
consisted in clonic rather than tonic 
contractions. With the four circuits 
from 15 to 30 volts, paralysis was pro- 


TABLE 3.—EFFECTS OF REPEATED SHOCKS AT LOW VOLTAGES 


NO. OF 
SHOCKS 


—_" 


“ 
w 


> Or ke & 


~J 


TABLE 4. 


VOLTAGE 


sS 
13 
15 
17.5 


2 he 


mt) 


dO 


FS) 


o2 
125 
250 
500 
1,000 


given in 





| 


DATE 
1931 


10/13 
10/1 
10/2 
10/2 
10/28 
11/4 
11/7 
11/1 
11/1 


NO. 
RATS 


20 
20) 
20) 
20 
20) 
20 
20 
20) 
20 
20 


20 


Table 4. 


OF 


| 





Duration of shock = 2 seconds 


VOLTAGE 


30 
30 
52 
52 
126 
126 
252 


DOO 
30 


DIED 


0 
0 
0 
0 
0 


| 0 
0 
| 0 
| 
| 


9 





| 


NO. OF 
RATS 
49 
32 
20 
18 
14 
13 
11 
11 
7 





PAR- | 
ALYZED 























nenn PAR- RE- DEATHS IN 
ALYZED | COVERED | INTERVAL 
0 17 32 0 
0 12 20 () 
0 | 1 19 
3 0 15 
0 13 () 
0 0 | 13 2 
0 0 11 | 0 
2 0 9 | 2 
0 | 0 7 | 0 





EFFECTS OF FIRST SHOCK AT DIFFERENT VOLTAGES 


Duration of shock = 2 


= 


seconds 





| ARTIFICIAL | | 














| RE- | presprra- | Emisston | BLEED- 

| COVERED | TION | : | ING 
20 0 | 1 | 0 
200 | 0 0 | 0 
19 | 0 | 6 | 3 
17 0 | 9 | 14 
16 0 4 | 4 
13 0 | 18 19 
18 0 | 18 10 
6 20 20 7 
4 7 19 20 
11 16 19 12 
ie 20 20 | 18 








The first five cir- 


cuits at 8 to 23 volts sent an extremely 


minute 


the body of the animal. 


« 


amount 


current 


through 
Under ordi- 


nary conditions, if man made contact 
with a circuit of 30 volts or less, he 


would searcely be aware of it. 


No 


injury was evident after contact with 


duced in certain of the animals and 
tended to increase in frequency as the 
voltage was raised. The largest num- 
bers of rats were paralyzed from the 
circuits at 125 and 250 volts; at 500 
and 1,000 volts the number decreased. 
Deaths as immediate results of the 
shock occurred with circuits at 250, 


J. I. H.- 
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390, and 1,000 volts. Perhaps some 
of the rats that died immediately 
might have been paralyzed had they 
survived. 

Animals show wide variation in 
‘heir susceptibility to electric currents, 
depending on their size and weight, and 
particularly on their general vigor. 
Thus one consignment of rats received 
in the laboratory would be severely 
damaged by a shock which would not 
injure another group at all. This 
introduces a large variable factor in 
Table 4, where it was necessary to use 
rats from more than one consignment. 
It is felt, however, that this table gives 
a fair picture of the paralysis produced 
by contact with circuits at these dif- 
ferent voltages, although the exact 
numbers paralyzed in the different 
would not be reduplicated 
exactly in further work. 


groups 


DISCUSSION 


Perhaps the chief interest in these 
experiments focuses on the decrease 
and later absence of paralysis after a 
series of electric shocks at one constant 
voltage. This is illustrated in Tables 
1 and 2 in the first six shocks from a 
circuit at 248 volts. The paralysis 
was most marked after the first shock; 
the paralyzed animals decreased in 
number after the next three shocks and 
none were paralyzed after the fifth 
and sixth shocks. Thereafter no pa- 
ralysis followed four shocks from a 
circuit at 500 volts and two shocks from 

circuit at 1,200 volts. Thirty-four 
per cent. of the rats were paralyzed by 
the first four shocks. 

Several questions are raised as the 
result of these findings. Do all the 
rats that are susceptible to paralysis 
succumb to the first few shocks, and 
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are the remainder naturally more 
resistant to this type of injury from 
electricity? Or do the rats acquire 
an immunity to electric contacts after 
the first few shocks? Certain argu- 
ments may be advanced upon both 
sides, but first the mechanism of the 
paralysis will be discussed. 

When the spinal cord of one of the 
paralyzed rats is exposed, it is found 
to be abnormally soft. The region of 
the posterior columns at the upper 
thoracic level stains a dull purple 
color. Cross sections of the cord 
show that the lesion is usually limited 
to the posterior columns, although the 
whole cord sometimes becomes nec- 
rotic. ‘The injured area stains a 
reddish color. Microscopic examina- 
tion shows that the fibers of the pos- 
terior columns are completely inter- 
rupted; the area is filled with fat and 
necrotic débris, with a liberal sprin- 
kling of red blood cells. If the animals 
are killed and examined as soon as 
the paralysis is manifest and frozen 
sections of the cord are studied micro- 
scopically, it can be seen that groups 
of red cells occur among masses of fat, 
the remains of the injured myelin 
sheaths. Fat stains at this time do 
not clarify the picture inasmuch as the 
myelin is not yet broken down into 
simpler fats that stain with sudan III 
or scharlach r. Moreover, the para- 
lyzed animals can be kept alive only 
two or three days and therefore the 
late changes cannot be observed. 

It was at first felt that the lesion in 
the cord was essentially a hemorrhagic 
one due to rupture of the artery in the 
dorsomedian septum, the blood spread- 
ing out into the posterior columns. 
The inerease in blood pressure which 
follows the and the 


electric shocks 





2(0)2 


sudden and violent flexion of the back 
during the time that the current is 
flowing were suggested as causes of 
damage to the artery. The facet that 
the lesion always oecurs in the upper 
thoracie region speaks against hemor- 
rhage due to increase in blood pressure. 
Moreover the hemorrhages in the con- 
junctivae that are attributable to in- 
ereased blood pressure oceur with each 
shoek, regardless of the number of 
previous shocks which the rat has 
received. The sharp localization of 
the lesion is in favor of an aecident 
due to the strong contraction of the 
trunk musculature with unusual flexion 
of the back and rupture of the artery. 
It is difficult to see why such an acci- 
dent might not occur at any time during 
The explanation 
might be advaneed that all the sus- 
were injured by the 


a series of shocks. 


ceptible animals 
The paralysis is 
quite as frequent in small and young 


first few shocks. 
rats as it is in old animals; one would 
expect it to occur most frequently in 
those with senile degenerative changes 
in the arteries. 

Recently an objection has been ad- 
the explanation of the 
paralysis primarily on the basis of a 
lesion. It was suggested 
that the current itself produced trauma 
to the fibers of the posterior columns 
of the eord and that the commotion 
in this region caused capillary bleeding, 


vaneed to 


vascular 


giving the area the appearance of a 
vascular aecident. In favor of this 
theory it may be said that the bleeding 
and damage is not so extensive as one 
would expect if the rather large artery 
in the dorsomedian septum were dam- 
aged; in seetion the red cells are not 
extremely numerous but are seattered 
the fat With the 


among elobules. 
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electrodes attached to the head and 
tail, the current flows along the long 
axis of the spinal cord and probably 
much of it is earried in the spinal cord 
itself. The central nervous system is 
of smallest diameter in the thoracic 
region and consequently the current 
density is concentrated at this point 
with resulting damage to the spinal 
cord. 

Moreover, earlier experiments dem- 
onstrate that the current pathway is 
an important factor in the production 
of paralysis. ‘This could searcely be the 
case if the lesion were due to a rise in 
blood pressure or to a sudden, strong 
contraction of the musculature, for 
the effeet upon blood pressure and 
muscular contraction should be nearly 
the same, whatever the pathway of 
the current. ‘The differences in the 
frequency of paralysis with varying 
current pathways were shown in a 
group of rats subjected to a two-second 
shock from a circuit at 1,000 volts. 
Thirty-eight per cent. were paralyzed 
when contacts were made with the 
head and tail, and 8 per cent. with 
contacts on either foreleg and either 
hind leg; none were paralyzed with the 
contacts on the two hind legs. When 
the current flowed from a foreleg to a 
hind leg its pathway was not so well 
oriented in relation to the spinal cord 
as when it flowed from the head to 
the tail. In eases where the current 
flowed between the two hind legs the 
spinal cord was outside the main path- 
way. 

There have been given three possible 
explanations for the injury of the spinal 
cord of rats following electric shocks: 
(1) The rise in blood pressure following 
contact with the circuit may produce a 
break in the artery of the dorsomedian 
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septum, which gives rise to hemor- 
rhage. (2) The sudden violent flexion 
of the back at the time the circuit is 
elosed may similarly damage the ar- 
‘tery. (3) The current flowing through 
the cord may disrupt the fiber tracts of 
‘he posterior columns where the cur- 
rent density is greatest with secondary 
capillary hemorrhage. No conclusive 
ease can be made for any one of these 
theories, but the last, primary damage 
to the nerve fibers by the current den- 
sity, seems the most likely. 

With regard to the decrease of paraly- 
sis and its final failure to appear after 
repeated shocks, the two possible ex- 
planations will be discussed—namely, 
that all the animals susceptible to 
paralysis may have been paralyzed by 
the first few shocks, or that the rats 
may in some way become immune to 
the eleetrie current. The first ex- 
planation seems perhaps the more 
likely, but there are certain facts that 
suggest the development of a kind of 
immunity to electricity. The first 
time that the animals were subjected 
to a circuit at 248 volts, they were all 
severely injured, and all required arti- 
ficial respiration. Moreover, they lay 
quietly for from fifteen minutes to 
half an hour following the injury and 
were very slow in becoming active 
again. They did not eat or drink for 
twenty-four hours. Following sub- 
sequent shocks at the same voltage, 
the rats breathed normally as soon as 
ithe cireuit was opened. Moreover, 
‘they recovered rapidly and were active 
at once. The electric shocks, there- 
lore, became progressively less damag- 
ing to them. 

lt became possible to tell immedi- 
ately after the shock which rats would 
iater become paralyzed. Convulsive 
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movements of the hind legs, tail, and 
trunk musculature of the posterior por- 
tion of the body occurred. ‘The move- 
ments of the hind legs were bilateral 
extensor thrusts. Often the rat would 
breathe following the shock, and then 
respirations would cease; after breath- 
ing was started again it would be ir- 
regular and gasping. The paralyzed 
rats showed no activity following the 
shock. 

This series of continued shocks dif- 
fered from all the authors’ previous 
experiments, in that a few rats de- 
veloped a slight weakness and paral- 
ysis of the hind legs after a number 
of contacts. 
severe enough to 


This paralysis was not 
kill the rats and 
they were carried along with the rest 
of the series. The hind legs became 
hyperextended; the paralysis tended 
to decrease after several days or 
weeks. 

In considering the paralysis of the 
hind legs of rats it must be realized 
that this result of electric shock is 
not seen in man, although it is said 
to occur in other experimental mam- 
mals. Since it issuch a common result 
of electric injury in rats, it has been 
found useful as a criterion of the dam- 
age produced by the circuit. 

At the higher voltages a number of 
rats died as an immediate result of the 
shock. Pulmonary hemorrhage and 
edema were an incident in the death of 
all these rats, if not the actual cause; 
when bloody and frothy fluid gushed 
from the mouth and nose, it was clear 
that artificial respiration would not in- 
itiate breathing. Small hemorrhages, 
probably dependent upon capillary 
bleeding from the mucous membrane 
of the nose, occurred in many rats 
that recovered quite normally. 
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sleeding from the eyes was common 
after each shock, owing to rupture of 
capillaries in the conjunctiva; often 
the hemorrhage was quite profuse. 
Table 4 shows that it did not occur 
after contact with circuits at 8 and 138 
volts, but when the voltage was raised 
to 15, it was present in three out of 
twenty rats, and at 17.5 volts in four- 
teen out of twenty. Staining of the 
hair around the eyes was taken as the 
criterion. The bleeding showed no in- 
erease or diminution following suc- 
cessive shocks. 

There were other phenomena in 
connection with the eyes that were 
observed for the first time in this series. 
Immediately after the circuit was 
broken, the pupils were widely dilated; 
eradually they became constricted 
again. After contacts with circuits at 
250 volts or over, the eyes were often 
turned upward and outward, but they 
eradually returned to normal. 

Certain of the rats developed signs 
of vestibular disturbances after one 
of the electric shocks. Even though 
they survived and were carried safely 
through the series, this abnormality 
in equilibrium persisted until the end 
of the experiment. 

The rats of these series were almost 
exclusively males and emission was 
notedin nearly every case at each shock. 
This is probably due to the strong 
contraction of the entire body muscu- 
lature. Table 4 shows the lowest vol- 
tage at which emission occurred. It 
was noticed in one rat out of twenty 
shocked from a circuit at 8 volts, but in 
none of those subjected to a 13-volt 
circuit. With cireuits at 15, 17.5, 
and 23 volts it was found in a small 
percentage, and with circuits at 30 or 
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more volts it occurred constantly jn 
the majority. 

In the previous experiments of the 
authors with a single electric shock, 
priapism was observed only in males 
shocked from a continuous circuit «{ 
1,000 volts. Priapism was an ab- 
normality that appeared in a few of the 
rats in the present group after a num- 
ber of shocks, and it was considered 
a sign of severe irritation and damage 
to the spinal cord. It was noticed in 
five of the lll ratsof Table 2. A num- 
ber of these rats lived and continued 
in the series to the end. 

From the results here reported, it is 
evident that animals differ widely in 
their susceptibility to electric shock. 
This difference depends to some ex- 
tent upon the age, weight, and sex of 
the animals but to a much greater 
extent upon more complex biologic 
factors. If this difference in suscepti- 
bility to electric shock may be assumed 
to hold for all mammals, it is im- 
portant to look for some means of 
selecting those animals that will be 
injured by contact with an electric 
circuit. No method of exact corre- 
lation has yet been devised but experi- 
ments along this line are planned. 
There is also experimental evidence 
that rats develop a degree of immunity 
to repeated electric shocks. 


SUMMARY 


Rats were subjected to repeated con- 
tacts with electric circuits at three- 
day intervals. After contact with a 
circuit of 248 volts, a certain propor- 
tion of the animals showed a paralysis 
of the hind legs. The ineidence of 
paralysis decreased rapidly with sub- 
sequent shocks and disappeared en- 
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‘irely even though the voltage was 
raised to 1,000 volts. This suggests 
either that the rats susceptible to the 
eleetrie current are injured with the 
frst shocks or that the rats become 
‘mmune to electricity. In favor of 
the latter hypothesis is the fact that 
the respiratory paralysis and the time 
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required for recovery decreased stead- 
ily with an increase in the number of 
shocks. The mechanism of the paral- 
ysis is discussed. After a number of 
shocks certain rats developed disturb- 
ances of equilibrium, priapism, and 
other signs of hyperirritability of the 
nervous system. 
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BOOK REVIEWS 


EXERCISE AND ITS PuysioLoGy. By Adrian 
Gordon Gould, Ph.B., M.D., Assistant 
Medical Adviser and Assistant Professor 
of Hygiene in Cornell University; and 
Joseph A. Dye, A.B., Ph.D., Assistant 
Professor of Physiology in Cornell Uni- 
versity. Cloth. Pp. xi, 434 with index 
and illustrations. New York: A. S. 
sarnes & Co., Inc., 1932. 

In no field of physiology has there 
been within the past few years more 
rapid growth than in that of the 
physiology of exercise. Most of the 
recent work on this subject has not 
been incorporated into any textbook of 
physiology and thus a great deal of 
the new material has not been easily 
aecessible to the lay reader. Al- 
though there has been a recent revi- 
sion of that excellent monograph by 
I’. A. Bainbridge on ‘‘The Physiology 
of Muscular Exercise,’ such a sum- 


Vol. 14 


a 


mary of the more recent work as is 
embodied in this book was due. 

In this book the authors have sue- 
cessfully brought up to date the 
subject of the physiology of exercise. 
The material, which includes a di- 
gested compilation of facts made 
available by recent work, is presented 
in a logical and thoroughly readable 
manner. The book is well illustrated. 
Kach chapter contains at the end a 
brief summary and many references. 
It should be most useful as a text and 
for reference, not only for teachers and 
students of physical education but for 
students of physiology and medicine 
the 
effects of exercise on the human body. 
—Madeleine E. Field. 


and for anyone interested in 
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INDUSTRIAL HYGIENE FOR ENGINEERS AND 
MIANAGERS. By Carey P. McCord, M.D., 
Medical Director, The Industrial Health 
Conservancy Laboratories, Cincinnati, 
Ohio. Assisted by Floyd P. Allen, M.D., 
The Public Health Federation. Cloth. 
Pp. x, 336 with index and illustrations, 
New York and London: Harper & Broth- 
ers, 1931. 


On the jacket of this book the pub- 
lishers state that it is “a practical 
reference manual on all phases of in- 
dustrial hygiene,’ intended for the 
guidance of “plant managers, industrial 
engineers, industrial doctors and 
The materials that make up 
the book have “for ten years been 
presented to students in the Engineer- 
ing College of the University of Cin- 
cinnati. While this subject has been 
given only a minor position in an over- 
filled program of engineering training, 
a proper concept of the requirements 
of human conservation in industry has 
been obtained by at least a portion of 
these prospective engineers.” It is 
extraordinarily difficult to convince 
the average plant manager that indus- 
trial health conservancy is a paying 
investment. Numerous companies in 
the United States today find themselves 
pursued by compensation suits, some 


” 
nurses. 


of which are unjust, and many of 
which could have been avoided by 
routine preventive work. 

This book is precisely what the pub- 
lishers claim—a reference manual in 
industrial hygiene. It is well indexed, 
the topics for the twenty chapters are 
well and logically selected, and the 
reader is freed from having to choose 
between controversial opinions and a 
mass of detailed references. The tabu- 
lated data of general symptoms to be 
expected from exposures to various 
chemicals, minerals, gases, and the like 
are given in a practical but brief and 
concise form. 

There are chapters devoted to emer- 
gency aid, bandaging, infection and 
disinfection, occupational diseases, 
sanitation, accident prevention, physi- 
cal examinations, medical and dental 
care, compensation, and sources of 
technical information. 

In the reviewer’s opinion this book 
will serve a useful purpose as a manual 
or guide for plant managers. The 
fact that an eminent publishing house 
sees fit to bring out the book at this 
time is in itself a good omen. That 
the book contributes to the purely 
scientific aspects of industrial hygiene 
is doubtful.—Philip Drinker. 
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